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(54) Optical head and optical information recording and playback apparatus 



(57) An object of the present invention is to provide 
an optical head apparatus which is capable of detecting 
correctly a radial tilt of an optical recording nnedium, 
without allowing offsets in radial tilt signals, even when 
an objective lens (6) is shifted in a radial direction. A 
beam emitted from a semiconductor laser (1 ) is divided 
into 0th order main beam and ±1st order sub beams. 



The three beams are shitted In the radial direction of the 
disc. The three beams reflected from the disc are dif- 
fracted by a holographic element (8). and are received 
by a photo detector (1 0). With respect to the main beam 
and the sub beams, a radial tilt of the disc is detected 
on the basis of a difference between intensities of the 
main and sub beams diffracted from a plurality of re- 
gions of the holographic element. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Technical Field of Ihe Invention 

[0001] The present invention relates to an optical 
head apparatus and an optical information recording 
and playback apparatus which record on and play back 
from an optical recording medium, and particularly re- 
lates to an optica! head apparatus and an optical infor- 
mation recording/playback apparatus which are capa- 
ble of detecting a radial tilt of an optical recording me- 
dium. 

2. Description of the Prior Art 

[0002] The recording density in an optical information 
recording/playback apparatus is inversely proportional 
to the square of the diameter of a focused spot formed 
on an optical recording medium by an optical head ap- 
paratus. As the diameter of the focused spot becomes 
smaller, the recording density becomes higher. The di- 
ameter of the focused spot is inversely proportional to 
the numerical aperture of an objective lens in the optical 
head apparatus. Further, as the numerical aperture of 
the objective lens becomes higher, the diameter of the 
focused spot becomes smaller. Meanwhile, when the 
optical recording medium is tilted to a radial direction 
with respect to the objective lens, the shape of the fo- 
cused spot is distorted due to coma aberration caused 
on a substrate of the optical recording medium, and re- 
cording/playback characteristics are deteriorated. Since 
the coma aberration is proportional to the cube of the 
numerical aperture of the objective lens, as the numer- 
ical aperture of the objective lens becomes higher, the 
margin of a tilt of the optical recording medium in the 
radial direction with respect to the recording/playback 
characteristics (radial tilt) becomes smaller. Therefore, 
in the optical head apparatus and the optical information 
recording/playback apparatus in which the numerical 
aperture of the objective lens is made high in order to 
increase the recording density, it is necessary to detect 
and compensate the radial tilt of the optical recording 
medium so that the recording/playback characteristics 
are not deteriorated. 

[0003] Fig. 27 shows a structure of a conventional op- 
tical head apparatus which is capable of detecting the 
radial tilt of the optical recording medium. This optical 
head apparatus is described in Japanese Patent Appli- 
cation Laid-open No. 7-141 673 (1 995). A beam emitted 
from a semiconductor laser 257 is converted into a par- 
allel beam by a collimating lens 258, and about 50 % of 
the beam is transmitted through a half mirror 259 and is 
focused on a disc 261 by an objective lens 260. A beam 
reflected by the disc 261 is transmitted through the ob- 
jective lens 260 in the opposite direction, and about 50 
% Is reflected by a half mirror 259. and Is divided into a 



transmitted beam and diffracted beams by a holograph- 
ic element 262. The beams are transmitted through a 
lens 263 and are delected by a photo detector 264. 
[0004] Fig. 28 is a plan view ol the holographic ele- • 

5 menl 262. The holographic element 262 has elliptical 
grating regions 265 and 266 which are positioned on the 
radial direction of the disc 261 . The directions of the grat- 
ings in both the regions 265 and 266 are approximately 
parallel with a tangential direction of the disc 261 . and 

10 the pattern of the gratings in both the regions 265 and 
266 is off-axis concentric shape. Beams incident to the 
regions 265 and 266 are partially or fully diffracted as 
+1st order beams. IVIeanwhile, beams incident to the 
outside of the regions 265 and 266 are fully transmitted. 

15 Here, a dotted line in Fig. 28 shows an effective diameter 
of the objective lens 260. 

[OO05] Fig. 29 shows a pattern of detection portions 
of the photo detector 264 and an arrangement of fo- 
cused spots on the photo detector 264. A focused spot 

20 271 corresponds to a beam transmitted from the outside 
of the regions 265 and 266 of the holographic element 
262, and it is received by detection portions 267 and 268 
which are divided into two by a dividing line passing 
through an optica! axis and parallel with the tangential 

25 direction of the disc 261. A focused spot 272 corre- 
sponds to the +1st order beam diffracted by the inside 
of the region 265 of the holographic element 262. and it 
is received by a single receiving area 269. A focused 
spot 273 corresponds to the +1 st order beam diffracted 

30 by the inside of the region 266 of the holographic ele- 
ment 262, and it is received by a single receiving area 
270. 

[0006] When outputs from the detection portions 267 
to 270 are represented by V267 to V270 respectively, a 

35 tracking error signal is obtained by calculation of (V267 
+ V269) - (V268 + V270) according to the push-pull 
method. A radial tilt signal for detecting a radial tilt of the 
disc 261 is obtained by calculation of (V267 + V270) - 
(V268 -I- V269). Moreover, a playback signal is obtained 

40 by calculation of (V267 + V268 + V269 + V270). A meth- 
od of obtaining a focusing error signal Is not described. 
[0007] There is explained below the reason the radial 
tilt of the disc 261 can be detected by the above-men- 
tioned calculation with reference to Figs. 30 to 32. Figs. 

45 30 to 32 show calculation examples of intensity distribu- 
tion of the reflected beam from the disc 261 . In the draw- 
ings, a dark portion corresponds to a portion where the 
intensity is strong, and a beaming portion con-esponds 
to a portion where the intensity is weak. 

50 [0008] Fig. 30 shows the intensity distribution in the 
case where the disc 261 does not have radial tilt. The 
intensity distribution is symmetrical with respect to a 
straight line which passes through the optical axis and 
is parallelto the tangential direction of the disc 261 . Fur- 

55 ther, the intensity is comparatively strong in regions 274 
and 276 where the 0th order beam overlaps with the 
+1 St order beam diffracted by the disc 261 . The intensity 
is also comparatively strong in regions 275 and 277 
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where the Olh order beam overlaps with the -1sl order 
beam diflracled by the disc 261 . On the contrary, the 
intensity is comparativety weak in a region 278 where 
there is only the 0th order beam from the disc 261 . 
[0009] Fig. 31 shows the intensity distribution in the 
case where the disc 261 has a positive radial tilt. As for 
regions 279 and 281 which are regions where the 0th 
order beam and the -fist order beam ditlracted by the 
disc 261 are overlapped with each other, the intensity in 
the region 279 as a peripheral area is stronger than the 
intensity in the region 281 as a central section. As for 
regions 280 and 282 which are regions where the 0th 
order beam and the -1st order beam diffracted by he 
disc 261 are overlapped with each other, the intensity in 
the region 280 as a peripheral area is weaker than the 
intensity in the region 282 as a central section. 
[0010] Fig. 32 shows the intensity distribution in the 
case the disc 261 has a negative radial tilt. As for regions 
283 and 285 which are regions where the Olh order 
beam and the -i-l st order beam diffracted by the disc 261 
overlap each other, the intensity in the region 283 as a 
peripheral area is weaker than the intensity in the region 
285 as a central section. As for regions 284 and 286 
which are regions where the 0th order beam and the 
-1st order beam diffracted by the disc 261 overlap each 
other, the intensity in the region 284 as a peripheral area 
is stronger than the intensity in the region 286 as a cen- 
tral section. 

[0011] In Figs. 30 to 32, the peripheral area and the 
central area in the region where the 0th order beam and 
the -1-1 St order beam diffracted by the disc 261 overlap 
each other correspond to the detection portions 267 and 
269 of the photo detector 264 shown in Fig. 29, and the 
peripheral area and the central area in the region where 
the 0th order beam and the -1st order beam diffracted 
by the disc 261 overlap each other correspond to the 
detection portions 268 and 270 of the photo detector264 
shown in Fig. 29. 

[0012] When the radial tilt of the disc 261 is zero, pos- 
itive and negative,the value of (V267 + V270) - (V268 + 
V269) as the radial tilt signal becomes zero, positive and 
negative respectively. Therefore, this radial tilt signal is 
used to detect the radial tilt of the disc 261. When the 
radial till of the disc 261 is detected, the radial till is cor- 
rected so as to eliminate negative influence on the re- 
cording/playback characteristics. 

[0013] In the conventional optical head apparatus, 
when the objective lens 260 shifts to the radial direction 
of the disc 261 due to eccentricity or the like of the disc 
261 , an offset Is generated in the radial tilt signal. There- 
fore, the radial tilt of the disc 261 cannot be correctly 
detected by the conventional optical heads. Concretely, 
when the objective lens 260 shifts to the radial direction 
of the disc 261 , the focused spot 271 on the photo de- 
tector 264 also shifts to the radial direction of the disc 
261 . In the case the focused spot 271 shifts to the left 
in Fig. 29, an output from the beam receiving area 267 
increases and an output from the beam receiving area 



268 decreases. For ihis reason, a positive offset is gen- 
erated in l(V267 V270) - (V268 + V269)l as the radial 
tilt signal. 

5 SUMMARY OF THE INVENTION 

[0014] It is an object of the present invention to pro- 
vide an optical head apparatus and an optical informa- 
tion recording/playback apparatus, wherein even if an 
10 objective lens shifts to the radial direction of an optical 
recording medium, an offset is not generated in a radial 
tilt signal, and radial tilt of the optical recording medium 
can be detected correctly. 

[0015] In an optical head apparatus of the present In- 

'5 vention, a main beam and a sub beam are generated 
from a beam emitted from a beam source. The main 
beam and the sub beam reflected by an optk:al record- 
ing medium are divided Into four regions, namely, R1 (a 
peripheral area of a region where a 0th order beam and 

20 a + 1 St order beam diffracted by the optical recording me- 
dium are overlapped with each other), R2 (a central area 
of a region where the 0th order beam and the -i-1st order 
beam diffracted by the optical recording medium 
overlap . each other), R3 (a peripheral area of a region 

25 where the 0th order beam and a -1st order beam dif- 
fracted by the optical recording medium overlap each 
other), and R4 (a central area of a region where the 0th 
order beam and the -1st order beam diffracted by the 
optical recording medium overlap each other). The ra- 

30 dial tilt signal is proportional to the total intensity of R1 
and R4 minus the total intensity of R2 and R3. In order 
to obtain the radial tilt signal, the sub beam is arranged 
to be shifted in a radial direction of the optical recording 
medium with respect to the main beam. 

35 [0016] Here, lefscomparethecomponent of the total 
intensity of R1 and R4 minus the total Intensity of R2 
and R3 contributed by the main beam (radial tilt signal 
by main beam) with the component of the total intensity 
of R1 and R4 minusthe total Intensity of R2 and R3con- 

40 tributed by the sub beam (radial tilt signal by sub beam). 
[0017] The radial tilt signal by main beam Is different 
from the radial tilt signal by sub beam, when the optical 
recording medium has a radial tilt. Meanwhile, in the 
case the objective lens is shifted in the radial direction 

45 of the optical recording medium, since the shift of the 
main beam on the photo detector is the same as that of 
the sub beam, an offset generated in the radial tilt signal 
by main beam Is the same as that generated in the radial 
tilt signal by sub beam. 

50 [0018] Therefore, when a difference between the ra- 
dial tilt signal by main beam and the radial tilt signal by 
sub beam is a final radial tilt signal, in the case where 
the optical recording medium has radial tilt, the radial tilt 
signals by main beam and by sub beam do not cancel 

55 each other, and offsets generated in the radial tilt signals 
by main beam and by sub beam in the case the objective 
lens is shifted in the radial direction of the optical record- 
ing medium cancel/eliminate each other For this rea- 
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son. even it the objective lens is shifted in the radial di- 
rection of the optical recording medium, an offset is not 
generated in the radial lilt signal, and the radial tilt of the 
optical recording medium can be detected correctly. 
[0019] In an optical information recording/playback 
apparatus of the present invention, an optical head ap- 
paratus of the present invention which is capable of de- 
tecting the radial tilt of the optical recording medium is 
used so that the radial tilt of the optical recording medi- 
um is corrected in order to eliminate ative influence upon 
the recording/playback characteristics. 
[0020] According to the present invention, even if the 
objective lens is shifted in the radial direction of the op- 
tical recording medium, no offset is generated in the ra- 
dial tilt signal and the radial tilt of the optical recording 
medium can be detected correctly. 

BRIEF EXPLANATION OF THE DRAWINGS 

[0021] 

Fig. 1 is a diagram showing an optical head appa- 
ratus according to the first embodiment of the 
present invention. 

Fig. 2 is a plan view of a diffractive element in the 
optical head apparatus according to the first em- 
bodiment. 

Fig. 3 is a diagram showing an arrangement of fo- 
cused spots on a disc in the optical head apparatus 
according to the first embodiment. 
Fig. 4 is a plan view of a holographic element in the 
optical head apparatus according to the first em- 
bodiment. 

Fig. 5 is a diagram showing a pattern of detection 
portions of the photo detector in the optical head 
apparatus according to the first embodiment and an 
arrangement of focused spots on the photo detec- 
tor 

Figs. 6A to 6L are various waveforms relating to 
tracking error signals and radial tilt signals in the op- 
tical head apparatus according to the first embodi- 
ment. 

Fig. 7 is a diagram showing radial tilt characteristics 
in the optical head apparatus according to the first 
embodiment. 

Fig. 8 Is a diagram showing an optical information 
recording/playback apparatus of the first embodi- 
ment. 

Fig. 9 is a diagram showing an optical information 
recording/playback apparatus according to a sec- 
ond embodiment of the present invention. 
Fig. 1 0 is a diagram showing an arrangement of fo- 
cused spots on a disc in the optical head apparatus 
according to the second embodiment. 
Figs. 11 A to IIP are various waveforms relating to 
tracking error signals and radial tilt signals in the op- 
tical head apparatus according to the second em- 
bodiment. 



Fig. 12 is a plan view of the diffractive element in 
the optical head apparatus according to a third em- 
bodiment. 

Fig. 13 is a diagram showing an arrangement of fo- 
5 cused spots on the disc in the optical head appara- 
tus according to the third embodiment. 
Fig. 14 is a plan view of the diffractive element in 
the optical head apparatus according to a founh 
embodiment. 

10 Fig. 15 is a diagram showing an arrangement of fo- 
cused spots on the disc in the optical head appara- 
tus according to the fourth embodiment. 
Fig. 1 6 is a plan view of the diffractive element in 
the optical head apparatus according to a fifth em- 
's bodiment. 

Fig. 17 is a diagram showing an arrangement of fo- 
cused spots on the disc in the optical head appara- 
tus according to the fifth embodiment. 
Fig. 18 is a plan view of the diffractive element in 
20 the optical head apparatus according to a sixth em- 
bodiment. 

Fig. 19 is a diagram showing an arrangement of fo- 
cused spots on the disc in the optical head appara- 
tus according to the sixth embodiment. 

^5 Fig. 20 is a diagram showing an optical head appa- 

ratus according to a seventh embodiment. 
Fig. 21 is a diagram showing a pattern of detection 
portions of the photo detector in the optical head 
apparatus according to the seventh embodiment 

30 and an arrangement of focused spots on the photo 
detector. 

Fig. 22 is a diagram showing an optical head appa- 
ratus according to an eighth embodiment. 
Fig. 23 is a diagram showing a pattern of detection 
35 portions of the photo detector in the optical head 
apparatus according to the eighth embodiment and 
an arrangement of focused spots on the photo de- 
tector. 

Fig. 24 is a diagram showing an optical head appa- 
40 ratus according to a ninth embodiment. 

Fig. 25 is a plan view of a polarizing holographic 
element in the optical head apparatus according to 
the ninth embodiment, 

Fig. 26 is a diagram showing a pattern of detection 
^s portions of the photo detector in the optical head 
apparatus according to the ninth embodiment and 
an arrangement of focused spots on the photo de- 
tector 

Fig. 27 is a diagram showing a structure of a con- 

50 ventional optical head apparatus. 

Fig. 28 is a plan view of a holographic element in 
the conventional optical head apparatus. 
Fig. 29 is a diagram showing a pattern of detection 
portions of the photo detector in the conventional 

55 optical head apparatus and an arrangement of fo- 
cused spots on the photo detector 
Fig. 30 is a diagram showing a calculating example 
of the intensity distribution of a reflected beam from 
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a disc. 

Fig. 31 is a diagram showing a calculating example 
of Ihe intensity distribution ol the rellected beam 
from the disc. 

Fig. 32 is a diagram showing a calculating example 
of the intensity distribution of the reflected beam 
from the disc, 

PREFERRED EMBODIMENT OF THE INVENTION 

IFirsl Embodiment of Optical Head Apparatus] 

[0022] Fig. 1 shows an optical head apparatus ac- 
cording to a first embodiment of the present invention. 
A beam emitted from a semiconductor laser 1 for emit- 
ting a laser beam with wavelength of about 650 nm is 
convened Into a parallel beam by a collimating lens 2. 
and is divided Into three beams: a 0th order beam as a 
main beam; and ±1st order beams diffracted as sub 
beams by a diffractive element 3. These beams enter a 
polarizing beam splitter 4 as P polarized beams and are 
transmitted about 100% therethrough. Thereafter, they 
are transmitted through a quarter wave plate 5 so as to 
be converted from linear polarized beams into circular 
polarized beams, and are focused on a disc 7 by an ob- 
"jective lens 6. The three beams reflected from the disc 
7 corresponding to the 0th order beam and the ±1 st or- 
der beams diffracted from the diffractive element 3 are 
transmitted through the objective lens in the opposite 
direction, and are transmitted through the quarter wave 
plate 5 so as to be converted from the circular polarized 
beams Into linear polarized beams whose polarizing di- 
rection intersects perpendicularly to that In the forward 
path. Further, the linear polarized beams enter the po- 
larizing beam splitter 4 as S polarized beams and are 
reflected about 100% thereby, and are diffracted ap- 
proximately 1 00 % as +1 St order beams by a holograph- 
ic element 8 and are transmitted through a lens 9 so as 
to be received by a photo detector 10. 
[0023] Fig. 2 is a plan view of the diffractive element 
3. The diffractive element 3 is constituted so that diffrac- 
tion gratings are formed in a region including an effective 
diameter of the objective lens 6 represented by a dotted 
line in the drawing. The direction of the gratings in the 
diffraction gratings is approximately parallel with a radial 
direction of the disc 7, and patterns of the gratings are 
linear with equal pilches. When the phase difference be- 
tween a line area and a space area of the gratings is, 
for example, 0.232n, an incident beam is transmitted 
about 87.3% as a 0th order beam, and is diffracted about 
5.1% as ±1st order beams. 

[0024] Fig. 3 shows an arrangement of focused spots 
on the disc 7. Here, a convex portion of a groove formed 
on the disc 7 viewed from an incident beam to the disc 
7 is a groove, and a concave portion is a land, and the 
groove or the land are used as tracks. Focused spots 
12, 13 and 14 correspond to a 0th order beam, a -»-1st 
order beam and a -1st order beam diffracted by the dif- 



fractive element 3, respectively The locused spot 12 is 
arranged on a track 11 (groove or land), the focusedspol 
13 is arranged on a track (land or groove) adjacent to 
the left side of the track 1 1 . and the focused spot 14 is 
5 arranged on a track (land or groove) adjacent to the right 
side of Ihe track 11 . 

[0025] Fig. 4 is a plan view of the holographic element 
8. The holographic element 8 is divided into eight re- 
gions 15 to 22 by five dividing lines parallel with a tan- 

10 genlial direction of the disc 7 and a line parallel with the 
radial direction. The directions of the gratings are par- 
allel with the tangential direction of the disc 7 in all the 
regions 15 to 22. Moreover, the patterns of the gratings 
are linear with equal pitches in all the regions 15 to 22. 

'5 The pitch in the regions 1 5 and 21 is the narrowest. The 
pilch in the regions 16 and 22. the pitch in the regions 
17 and 19 and the pilch in the regions 18 and 20 are 
wider in this order. Further, sectional shapes of the grat- 
ings in all the regions 15 to 22 are of saw-tooth shapes, 

20 and when the phase difference between a top portion 
and a bottom portion of the saw tooth with respect to the 
incident beam is 2k. the incident beam to the respective 
areas is diffracted approximately 1 00% as the -i-l st order 
beam. The direction of the saw tooth in the regions 15 

25 to 18 is set so that the -^-^&X order beam is deflected to 
the left in the drawing, and a direction of the saw tooth 
in the regions 1 9 to 22 is set so that the +1sl order beam 
is deflected to the right in the drawing. 
[0026] Fig. 5 shows a pattern of detection portions of 

30 the photo detector 10 and an arrangement of focused 
spots on the photo detector 10. A focused spot 55 cor- 
responds to the -f 1 st order beam diffracted by the region 
15 of the holographic element 8 of the 0th order beam 
from the diffractive element 3, and is focused on a 

35 boundary line between detection portions 23 and 24 di- 
vided by a dividing line parallel with the radial direction 
of the disc 7. A focused spot 56 corresponds to the +1 st 
order beam diffracted by the region 1 6 of the holograph- 
ic element 8 of the 0th order beam from the diffractive 

40 element 3, and is focused on a boundary line between 
detection portions 25 and 26 divided by a dividing line 
parallel with the radial direction of the disc 7. A focused 
spot 57 corresponds to the -i-lst order beam diffracted 
by the region 1 7 of the holographic element 8 of the 0th 
45 order beam from the diffractive element 3, and is fo- 
cused on a boundary line between detection portions 27 
and 28 divided by a dividing line parallel with the radial 
direction of the disc 7. 

[0027] A focused spot 58 corresponds to the +1 st or- 
50 der beam diffracted by the region 18 of the holographic 
element 8 of the 0th order beam from the diffractive el- 
ement 3, and is focused on a boundary line between 
detection portions 29 and 30 divided by a dividing line 
parallel with the radial direction of the disc 7. A focused 
55 spot 59 corresponds to the 4-1 st order beam diffracted 
by the region 20 of the holographic element 8 of the 0th 
order beam from the diffractive element 3. and is fo- 
cused on a boundary line between detection portions 31 
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and 32 divided by a dividing line parallel with the radial 
direction of the disc 7. A focused spot 60 corresponds 
to the +1st order beam diffracted by the region 1 9 of the 
holographic element 8 of the 0th order beam from the 
diffractive element 3. and is focused on a boundary line 5 
between detection portions 33 and 34 divided by a di- 
viding line parallel with the radial direction of the disc 7. 
A focused spot 61 corresponds to the + 1st order beam 
diffracted by the region 22 of the holographic element 8 
of the 0th order beam from the diffractive element 3, and 
is focused on a boundary line between detection por- 
tions 35 and 36 divided by a dividing line parallel with 
the radial direction of the disc 7. A focused spot 62 cor- 
responds to the + 1 st order beam diffracted by the region 
21 of the holographic element 8 of the 0th order beam 
from the diffractive element 3, and is focused on a 
boundary line between detection portions 37 and 38 di- 
vided by a dividing line parallel with the radial direction 
of the disc 7. 

[0028] Further, a focused spot 63 corresponds to the 
+ 1st order beam diffracted by the region 15 of the holo- 
graphic element 8 of the -t-1 st order beam diffracted from 
the diffractive element 3, and is focused on single beam 
receiving area 39. A focused spot 64 corresponds to the 
+1st order beam diffracted by the region 16 of the holo- 
graphic element 8 of the -i-l st order beam diffracted from 
the diffractive element 3. and is focused on single beam 
receiving area 40. A focused spot 65 corresponds to the 
+1st order beam diffracted by the region 1 7 of the holo- 
graphic element 8 of the -hi st order beam diffracted from 
the diffractive element 3, and is focused on single beam 
receiving area 41 . A focused spot 66 corresponds to the 
+1st order beam diffracted by the region 18 of the holo- 
graphic element 8 of the -^1 st order beam diffracted from 
the diffractive element 3, and is focused on single beam 
receiving area 42. 

[0029] A focused spot 67 corresponds to the +1 st or- 
der beam diffracted by the region 20 of the holographic 
element 8 of the -i- 1 st order beam diffracted from the dif- 
fractive element 3, and is focused on single beam re- 
ceiving area 43. A focused spot 68 corresponds to the 
4-1 st order beam diffracted by the region 19 of the holo- 
graphic element 8 of the -»-1 st order beam diffracted from 
the diffractive element 3, and is focused on single beam 
receiving area 44. A focused spot 69 corresponds to the 
•i-lst order beam diffracted by the region 22 of the holo- 
graphic element 8 of the +1 st order beam diffracted from 
the diffractive element 3, and is focused on single beam 
receiving area 45. A focused spot 70 corresponds to the 
+1st order beam diffracted by the region 21 of the holo- 
graphic element 8 of the +1 st order beam diffracted from 
the diffractive element 3, and is focused on single beam 
receiving area 46. 

[0030] In addition, a focused spot 71 corresponds to 
the +1st order beam diffracted by the region 15 of the 
holographic element 8 of the -1 st order beam diffracted 
from the diffractive element 3, and is focused on single 
beam receiving area 47. A focused spot 72 corresponds 



to the -1 1st order beam diffracted by the region 16 of the 
holographic element 8 of the -1st order beam diffracted 
from the diffractive element 3. and is focused on single 
beam receiving area 48. A focused spot 73 corresponds 
to the +1 st order beam diffracted by the region 1 7 of the 
holographic element 8 of the -1st order beam diffracted 
from the diffractive element 3. and is focused on single 
beam receiving area 49. A focused spot 74 corresponds 
to the +1 st order beam diffracted by the region 1 8 of the 
holographic element 8 of the -1st order beam diffracted 
from the diffractive element 3, and is focused on single 
beam receiving area 50, 

[0031] A focused spot 75 corresponds to the +1st or- 
der beam diffracted by the region 20 of the holographic 
element 8 of the -1st order beam diffracted from the dif- 
fractive element 3, and is focused on single beam re- 
ceiving area 51 . A focused spot 76 corresponds to the 
+1st order beam diffracted by the region 19 of the holo- 
graphic element 8 of the -1 st order beam diffracted from 
the diffractive element 3, and is focused on single beam 
receiving area 52. A focused spot 77 corresponds to the 
-1-1 st order beam diffracted by the region 22 of the holo- 
graphic element 8 of the -1 st order beam diffracted from 
the diffractive element 3, and is focused on single beam 
receiving area 53. A focused spot 78 corresponds to the 
+1st order beam diffracted by the region 21 of the holo- 
graphic element 8 of the -1 st order beam diffracted from 
the diffractive element 3, and is focused on single beam 
receiving area 54. 

[0032] When outputs from the detection portions 23 
to 54 are represented by V23 to V54, respectively, a fo- 
cusing error signal is obtained by calculation of [(V23 -i- 
V25 -I- V27 + V29 + V32 -i- V34 + V36 -i- V38) - (V24 -i- 
V26 + V28 + V30 -i- V31 + V33 +V35 -i-V37)] according 
to the Foucault method. A tracking error signal is ob- 
tained by calculation of [(V23 4- V24 -i- V25 -i- V26 + V31 
+ V32 -I- V33 + V34) - (V27 + V28 + V29 + V30 + V35 -i- 
V36 4- V37 4- V38)] - K[(V39 4- V40 4- V43 4- V44 4- V47 
4- V48 4- V51 4- V52) - (V41 4- V42 4- V45 + V46 4- V49 4- 
V50 4- V53 4- V54)] (K is constant) according to the dif- 
ferential push-pull method. 

[0033] In addition, a radial tilt signal for detecting a 
radial tilt of the disc 7 is obtained by calculation of [(V23 
4- V24 4- V29 + V30 4- V33 4- V34 4- V35 + V36) - (V25 4- 
V26 4- V27 + V28 4- V31 + V32 4- V37 4- V38)] - K[(V39 
+ V42 + V44 4- V45 + V47 + V50 4- V52 + V53) - (V40 + 
V41 4- V43 4- V46 4- V48 4- V49 4- V51 4- V54)l (K is con- 
stant). Moreover, a playback signal by the focused spot 
12 as a main beam is obtained by calculation of (V23 4- 
V24 4- V25 + V26 4- V27 4- V28 4- V29 4- V30 4- V31 4- V32 
+ V33 + V34 4- V35 4- V36 4- V37 4- V38). 
[0034] There will be explained now the reason why 
the radial tilt of the disc 7 can be detected by the above 
calculation with reference to Figs. 30 to 32. 
[0035] Figs. 30 to 32 show examples of calculating in- 
tensity distribution of a reflected beam from the disc 7. 
The calculations were made in the structure shown in 
Fig. 1 under the condition the wavelength of the semi- 
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conductor laser 1 is 660 nm, ihe numerical aperture ol 
Ihe objective lens 6 is 0.65. the substrate thickness of 
Ihe disc 7 is 0.6 mm, the track pitch is 0.5 jim and the 
groove depth is 70 nm. Dark portions in the drawings 
are portions where the intensity is strong, and beaming 
portions are portions where the intensity is weak. Fig. 
30 shows the intensity distribution ol the main beam in 
the case the disc 7 does not have a radial tilt and the 
focused spot 12 as the main beam is positioned on the 
groove or land of the disc 7. As lor the intensity distri- 
bution, the intensity is comparatively strong in regions 
274 and 276 which are regions where a 0th order beam 
and a 4-1 st order beam diffracted by the disc 7 overlap 
(region on the left side in the radial direction in the draw- 
ing) and in regions 275 and 277 which are regions where 
a 0th order beam and a -1st order beam diffracted by 
the disc 7 overlap (region on the right side in the radial 
direction of the disc 7 in the drawing) and these regions 
are symmetrical with respect to a straight line which 
passes through the optical axis and is parallel with the 
tangential direction of the disc 7. The intensity is com- 
paratively weak in a region 27B which is a region of only 
a 0th order beam from the disc 7. 

[0036] Fig. 31 shows intensity distribution of the main 
beam in the case where the disc 7 has a radial lilt of + 
0.2** and the focused spot 12 as the main beam is posi- 
tioned on the groove of the disc 7, or in the case where 
the disc 7 has a radial tilt of - 0.2* and the focused spot 
12 as the main beam is positioned on the land of the 
disc 7. In a region where the 0th order beam and the 
+1st order beam diffracted by the disc 7 overlap each 
other, the intensity in a region 279 as a peripheral area 
is stronger than the intensity In a region 281 as a central 
section. In a region where the 0th order beam and the 
-1st order beam diffracted by the disc 7 overlap each 
other, the intensity of a region 280 as a peripheral area 
is weaker than the intensity in a region 282 as a central 
section. 

[0037] Fig. 32 shows intensity distribution of the main 
beam in the case the disc 7 has a radial tilt of - 0.2** and 
the focused spot 12 as the main beam is positioned on 
the groove of the disc 7, or in the case the disc 7 has a 
radial tilt of + 0.2** and the focused spot 1 2 as the main 
beam is positioned on the land of the disc 7. In a region 
where the 0th order beam and the -f 1 st order beam dif- 
fracted by the disc 7 overlap each other, the intensity in 
a region 283 as a peripheral area is weaker than the 
intensity in a region 285 as a central section. In a region 
where the 0th order beam and the -1st order beam dif- 
fracted by the disc 7 overlap each other, the intensity in 
a region 284 as a peripheral area is stronger than the 
intensity in a region 286 as a central section. 
[0038] In Figs. 30 to 32, the peripheral sections In the 
region where the 0th order beam and the -i-lst order 
beam diffracted by the disc 7 overlap each other corre- 
spond to the detection portions 23. 24, 33 and 34 of the 
' photo detector 1 0, and the central sections in the region 
where the 0th order beam and the -i-lst order beam dif- 



fracted by the disc 7 overiap each other correspond to 
the detection portions 25. 26, 31 and 32 ol the photo 
detector 10. The peripheral sections in the region where 
the 0th order beam and the -Isl order beam diffracted 

5 by the disc 7 overlap each other correspond to the de- 
tection portions 27, 28, 37 and 38 of the photo detector 
10, and the central sections in the region where the 0th 
order beam and the -1st order beam diffracted by the 
disc 7 overlap each other correspond to the detection 

w portions 29, 30. 35 and 36 of the photo detector 1 0. 
[0039] Figs. 6A to 6L show various waveforms relat- 
ing to the tracking error signal and the radial till signal. 
The horizontal axes show displacement ol the focused 
spot 12 when the focused spot 12 as the main beam 

»5 crosses the groove of the disc 7 from the left side to Ihe 
right side of the radial direction. State "a" shows a state 
that the focused spot 12 is positioned on the groove. 
State "b- shows a state that the focused spot 12 is po- 
sitioned on a boundary between the groove and the 

20 land. State "c" shows a state that the focused spot 1 2 is 
positioned on the land. State "d" shows a state that the 
focused spot 12 is positioned on a boundary between 
the land and the groove. 

[0040] A wavefomn of [(V23 + V24 + V25 -i^ V26 + V31 
25 + V32 + V33 + V34) - {V27 + V28 + V29 + V30 + V35 + 
\/36 + V37 + V3B)] as a push-pull signal by means of 
the focused spot 12 as the main beam is represented 
by a solid line in Fig. 6A. Since a focused spot 13 is 
arranged to be shifted from the focused spot 12 to the 
30 left side in Fig. 3 in the radial direction of the disc 7 by 
1/2 pitch of the groove of the disc 7, a wavefonm of [(V39 
+ V40 + V43 + V44) - (V41 + V42 + V45 + V46)) as a 
push-pull signal by means of the focused spot 13 as a 
sub beam is represented by a solid line in Fig. 6B such 
35 that a phase is delayed by n with respect to the wave- 
form of the solid line in Fig. 6A. 

[0041] In addition, since focused spot 14 is arranged 
to be shifted to the right side In Fig. 3 from the focused 
spot 12 in the radial direction of the disc 7 by 1/2 pitch 

40 of the groove of the disc 7, a waveform of [(V47 -i- V48 
. + VSI + V52) - (V49 + V50 + V53 + V54)] as a push-pull 
signal by means of the focused spot 14 as the sub beam 
is represented by a solid line in Fig. SB such that the 
phase is advanced by n with respect to the waveform 

45 represented by the solid line In Fig. 6A. Since the phases 
of the waveforms represented by the solid lines in Figs. 
6A and 68 are opposite to each other, the waveform of 
the difference between the push-pull signal by means 
of the focused spot 12 as the main beam and the sum 

50 of the push-pull signals by means of the focused spots 
13 and 14 as sub beams, namely, of [(V23 + V24 + V25 
+ V26 -I- V31 + V32 + V33 + V34) - (V27 + V28 + V29 -i- 
V30 -I- V35 + V36 + V37 + V38)] - K[(V39 -i- V40 + V43 
+ V44 + V47 + V4B -t- V51 + V52) - (V41 + V42 + V4S 4- 

55 \/46 + \/49 + VSO + V53 -i- V54)] (K is constant) as a 
tracking error signal according to the differential push- 
pull method is represented by a solid line in Fig. 6C. 
[0042] In the case the disc 7 has no radial tilt, the val- 
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ue |(V23 + V24 + V29 + V30 + V33 + V34 ^ V35 + V36) 

- (V25 ^. V26 + V27 V28 + V31 + V32 + V37 + V38)] 
as a radial tilt signal by means of the focused spot 12 
as the main beam becomes zero in both cases the fo- 
cused spot 12 is positioned on the groove and the land 
of the disc 7. For this reason, its waveform is represent- 
ed by a solid line in Fig. 6D. Since the focused spot 13 
is arranged to be shifted to the left side in Fig. 3 from 
the focused spot 12 in the radial direction of the disc 7 
by 1/2 pitch of the groove of the disc 7, a waveform of 
[(V39 + V42 + V44 + V45) - {V40 + V41 + V43 + V46)l 
as a radial tilt signal by means of the focused spot 13 
as the sub beam is represented by a solid line in Fig. 6E 
such that the phase is delayed by n with respect to the 
waveform represented by the solid line In Fig. 60. Since 
the focused spot 14 is arranged to be shifted to the right 
side in Fig. 3 from the focused spot 12 in the radial di- 
rection of the disc 7 by 1/2 pitch of the groove of the disc 
7, the waveform of [(V47 + V50 + V52 + V53) - (V48 -t- 
V49 -I- V51 + V54)] as a radial tilt signal by means of the 
focused spot 14 as the sub beam is represented by a 
solid line in Fig. 6E so that the phase is advanced by k 
with respect to the waveform represented by the solid 
line in Fig. 6D. Therefore, the wavefomn of the difference 
between the radial tilt signal by means of the focused 
spot 12 as the main beam and the sum of the radial tilt 
signals by means of the focused spots 1 3 and 1 4 as the 
sub beams, namely. [(V23 + V24 + V29 + V30 + V33 + 
V34 + V35 + V36) - (V25 + V26 -i- V27 + V28 -i- V31 + 
V32 + V37 + V38)] - K[(V39 + V42 + V44 -i- V45 + V47 
+ V50 + V52 + V53) - (V40 + V41 + V43 + V46 + V48 + 
V49 4- V51 -I- V54)] (K Is constant) is represented by a 
solid line in Fig. 6R 

[0043] In the case the disc 7 has a positive radial tilt, 
the value of [(V23 -i- V24 + V29 + V30 + V33 + V34 + 
V35 + V36) - (V25 -i- V26 + V27 + V28 + \/3^ + V32 + 
V37 + V38)] as the radial tilt signal by means of the fo- 
cused spot 12 as the main beam is a positive value in 
the case the focused spot 1 2 is positioned on the groove 
of the disc 7 and is a negative value in the case the fo- 
cused spot 1 2 is positioned on the land . For this reason, 
its waveform is represented by a solid line in Fig. 6G. 
Since the focused spot 13 is arranged to be shifted to 
the left side in Fig. 3 from the focused spot 12 in the 
radial direction of the disc 7 by 1/2 pitch of the groove 
of the disc 7, the wavefomn of [(V39 + V42 -i- V44 + V45) 

- (V40 + V41 + V43 -I- V46)] as the radial tilt signal by 
means of the focused spot 1 3 as the sub beam is rep- 
resented by a solid line in Fig. 6H so that the phase is 
delayed by k with respect to the waveform represented 
by the solid line in Fig. 6G. 

[0044] In addition, since the focused spot 14 is ar- 
ranged to be shifted to the right side in Fig. 3 from the 
focused spot 1 2 in the radial direction of the disc 7 by 
1/2 pitch of the groove of the disc 7, a waveform of [(\/47 
+ V50 V52 + V53) - (V48 -i- V49 + V51 + V54)] as the 
radial tilt signal by means of the focused spot 1 4 as the 
sub beam is represented by a solid line in Fig. 6H so 



that the phase is advanced by tt with respect to the 
waveform represented by the solid line in Fig. 6G. Since 
the phases of the waveforms represented by the solid 
lines in Figs. 6G and 6H are opposite to each other, a 

5 waveform of the difference between the radial tilt signal 
by means of the focused spot 12 as the main beam and 
the sum of the radial tilt signals by means of the focused 
spots 13 and 14 as the sub beams, namely, of ((V23 + 
V24 -H V29 V30 + V33 + V34 -i- V35 + V36) - (V25 + 

10 V26 + V27 + V28 + V31 + V32 + V37 + V38)l - K[(V39 
+ V42 + V44 + V45 + \JA7 + V50 + V52 + V53) - (V40 
V41 -f V43 + V46 + V48 + V49 -i- V51 + V54)J (K is con- 
stant) as a final radial tilt signal is represented by a solid 
line in Fig. 61. 

15 [0045] In the case the disc 7 has a negative radial tilt, 
the value of [(V23 + V24 + V29 + V30 + V33 + V34 -i- 
V35 V36) - (V25 + V26 + V27 + V28 -i- V31 + V32 + 
V37 + V38)] as the radial lilt signal by means of the fo- 
cused spot 12 as the main beam is a negative value in 

20 the case where focused spot 12 is positioned on the 
groove of the disc 7 and is a positive value in the case 
the focused spot 12 is positioned on the land. For this 
reason, its waveform is represented by a solid line in 
Fig. 6J. Since the focused spot 13 is arranged to be shift- 

25 ed to the left side in Fig. 3 from the focused spot 12 in 
the radial direction of the disc 7 by 1/2 pitch of the groove 
of the disc 7. a wavefomn of [(\/39 + \/42 + V44 + \/45) 
- (V40 + V41 + V43 + V46)] as the radial tilt signal by 
means of the focused spot 13 as the sub beam is rep- 

30 resented by a solid line in Fig. 6K such that the phase 
is delayed by n with respect to the waveform represent- 
ed by the solid line in Fig. 6J. 

[0046] In addition, since the focused spot 14 is ar- 
ranged to be shifted to the right side in Fig. 3 from the 

35 focused spot 12 in the radial direction of the disc 7 by 
1/2 pitch of the groove of the disc 7, a waveform of [(V47 
-I- V50 + V52 -I- V53) - (V48 + V49 + V51 + V54)] as the 
radial tilt signal by means of the focused spot 1 4 as the 
sub beam is represented by a solid line in Fig. 6K so 

40 that the phase is advanced by n with respect to the 
wavetomi represented by the solid line in Fig. 6J. Since 
the phases of the waveforms represented by the solid 
lines in Figs. 6J and 6K are opposite to each other, a 
waveform of the difference between the radial tilt signal 

45 by means of the focused spot 1 2 as the main beam and 
the sum of the radial tilt signals by means of the focused 
spots 13 and 14 as the sub beams, namely, of [(V23 -i- 
V24 + V29 4- V30 + V33 + V34 -i- V35 + V36) - (V25 + 
V26 -f- V27 -I- V28 -i- V31 + V32 + V37 + V38)l - K[(V39 

so + V42 + V44 + V45 + V47 + V50 + V52 -i- V53) - (V40 + 
V41 + V43 -I- V46 + V48 + V49 + V51 + V54)] (K is con- 
stant) as a final radial tilt signal is represented by a solid 
line in Fig. 6L. 

[0047] At first, it is assumed that track a servo signal 
55 is applied to the state "a", namely, to the groove by using 
the tracking error signal shown in Fig. 6C. In the case 
the radial tilt of the disc 7 is 0. positive and negative, the 
values of the radial tilt signals shown in Figs. 6F, 61 and 
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6L become zero, positive and negative respectively. 
Therefore, this radial til! signal is used so as to be ca- 
pable of delecting the radial tilt of the disc 7. Next, it is 
assumed that a track servo signal is applied to the stale 
-c". namely, to the land by using the tracking error signal 
shown in Fig. 6C. In the case the radial lilt of the disc 7 
is zero, positive and negative, the values of the radial 
lilt signals shown in Figs. 6F, 61 and 6L become zero, 
negative and positive respectively. Therefore, the radial 
till signal is used so as to be capable of delecting the 
radial tilt of the disc 7. 

[0048] When the objective lens 6 is shifted in the radial 
direction of the disc 7. the main beam and the sub 
beams on the holographic element 8 are also shifted in 
the radial direction of the disc 7. When the main beam 
is shifted to the left in Fig. 4, the outputs from the detec- 
tion portions 23, 24, 33 and 34 increase, and the outputs 
from the detection portions 27, 28, 37 and 38 decrease. 
Moreover, when the sub beams are shifted lo the left in 
Fig. 4, the outputs from the detection portions 39, 44, 
47 and 52 increase, and the outputs from the detection 
portions 41 , 46, 49 and 54 decrease. 
[00491 At this time, a wavefomn of [(V23 + V24 + V25 
+ V26 + V31 + V32 + V33 4- V34) - (V27 + V2B + V29 + 
V30 + V35 + V36 + V37 + V38)] as a push-pull signal by 
means of the focused spot 12 as the main beam is rep- 
resented by a dotted line in Fig. 6A. A wavefonn of [(V39 
+ V40 + V43 + V44) - (V41 + V42 + V45 + V46)] as a 
push-pull signal by means of the focused spot 1 3 as the 
sub beam is represented by a dotted line in Fig. 6B. A 
waveform of [(V47 + V48 + V51 + V52) - (V49 + V50 -t- 
V53 + V54)] as a push-pull signal by means of the fo- 
cused spot 1 4 as the sub beam is represented by a dot- 
ted line in Fig. 6B. Although the phases of the dotted 
lines in Figs. 6 A and 6B are opposite to each other, since 
signs of DC components are the same, a waveform of 
[(V23 + V24 + V25 -i- V26 + V31 + V32 + V33 + V34) - 
(V27 + V28 + V29 + V30 + V35 + V36 + V37 + V38)] - 
K[(V39 + V40 + V43 + V44 + V47 + V48 + V51 + V52) - 
(V41 + V42 + V45 + V46 + V49 + V50 -i- V53 + V54)] (K 
is constant) as a tracking error signal according to the 
differential push-pull method is represented by a solid 
line in Fig. 6C such that the value of K is set suitably and 
offsets generated In the push-pull signals of the main 
beam and the sub beams eliminate each other. 
[0050] In the case the disc 7 has no radial tilt, a wave- 
form of I(V23 + V24 + V29 V30 + V33 + V34 + V35 + 
V36) - (V25 -I- V26 -»- V27 + V28 + V31 + V32 + V37 + 
V38)l as a radial tilt signal by means of the focused spot 
12 as the main beam is represented by a dotted line in 
Fig. 6D. A wavefonn of [{V39 + V42 + V44 + V45) - (V40 
+ V41 + V43 + \/46)J as a radial tilt signal by means of 
the focused spot 13 as the sub beam is represented by 
a dotted line in Fig. 6E. A waveform of [(V47 + V50 + 
V52 + V53) - (V48 + \/49 + V51 + V54)] as a radial tilt 
signal by means of the focused spot 1 4 as the sub beam 
is represented by a dotted line in Fig. 6E. Since signs of 
DC components of the waveforms represented by the 



dotted lines in Figs. 6D and 6E are the same, a wave- 
form of |(V23 + V24 + V29 + V30 + V33 + V34 + V35 + 
V36) - (V25 + V26 + V27 + V28 + V31 + V32 ^ V37 4 
V38)l - K[(V39 + V42 + V44 + V45 + V47 + V50 + V52 
5 4. V53) - (V40 + V4 1 + V43 + V46 + V48 + V49 + V51 + 
V54)] (K is constant) as a final radial till signal is repre- 
sented by a solid line in Fig. 6F in such a manner that 
the value of K is set suitably and offsets generated in 
the radial tilt signals of the main beam and the sub 
w beams are canceled each other. 

[0051] In the case the disc 7 has a positive radial till, 
a wavefonm of [(V23 + V24 + V29 + V30 + V33 + V34 + 
V35 + V36) - (V25 + V26 + V27 + V2B + V31 + V32 + 
V37 4- V38)) as a radial tilt signal by means of the fo- 
J5 cused spot 12 as the main beam is represented by a 
doned line in Fig. 6G. A wavefonm of [(V39 + V42 + V44 
+ V45) - (V40 + V41 + V43 + V46)] as a radial tilt signal 
by means of the focused spot 13 as the sub beam is 
represented by a dotted line in Fig. 6H. A waveform of 
20 [(V47 + V50 + V52 V53) - (V48 + V49 4- V51 + V54)] 
as a radial tilt signal by means of the focused spot 14 
as the sub beam is represented by a dotted line in Fig. 
6H. Since phases of the waveforms represented by the 
dotted lines in Figs. 6G and 6H are opposite to each 
25 other but signs of DC components are the same, a 
waveform of ((V23 + V24 + V29 4- V30 4- V33 4- V34 + 
V35 + V36) - (V25 4- V26 + V27 + V28 + V31 4- V32 + 
V37 + V38)l - K [(V39 4- V42 + V44 + V45 + V47 4^ V50 
4- V52 + V53) - (V40 4- V41 4- V43 4- V46 4- V48 4- V49 + 
30 V51 + V54)] (K is constant) as a final radial tilt signal is 
represented by a solid line in Fig. 61 in such a manner 
that the value of K is set suitably and offsets generated 
in the radial tilt signals of the main beam and the sub 
beams are canceled each other. 
35 [0052] In the case the disc 7 has a negative radial tilt, 
a waveform of [(V23 + V24 + V29 + V30 + V33 + V34 + 
V35 -f- V36) - (V25 4- V26 + V27 4- V28 + V31 + V32 + 
V37 + V38)] as a radial tilt signal by means of the fo- 
cused spot 12 as the main beam is represented by a 
40 dotted line in Fig. 6J. A wavefonm of [(V39 + V42 -i- V44 
+ V45) - (V40 -I- V41 + V43 + V46)] as a radial tilt signal 
by means of the focused spot 1 3 as the sub beam is 
represented by a dotted line in Fig. 6K. A waveform of 
[(V47 + V50 4- V52 4- V53) - (V48 4- V49 4- V51 -i- V54)] 
45 as a radial tilt signal by means of the focused spot 14 
as the sub beam is represented by a dotted line in Fig. 
6K. Since phases of the wavefomns represented by the 
dotted lines in Figs. 6J and 6K are opposite to each other 
but signs of DC components are the same, a waveform 
50 of [(V23 -I- V24 + V29 + V30 4- V33 + V34 + V35 -i- V36) 

- (V25 -I- V26 4- V27 -i- V28 + V31 + V32 -i- V37 + V38)] - 
K [(V39 + V42 4- V44 + V45 4- V47 4- V50 + V52 -i- V53) 

- (V40 4- V41 -f- V43 + V48 + V48 + V49 4- V51 -i- V54)] 
(K is constant) as a final radial tilt signal is represented 

55 by a solid line in Fig. 6L in such a manner that the value 
of K is set suitably and offsets generated in the radial tilt 
signals of the main beam and the sub beams eliminate 
each other. 
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[0053] Namely, even when the objective lens 6 is shift- 
ed in the radial direction o! the disc 7, no oflset is gen- 
erated in the radial signal, and the radial tilt of the disc 
7 can be detected correctly. 

[0054] Fig. 7 shows radial lilt characteristics when 5 
track servo is applied. The horizontal axis shows the ra- 
dial tilt, and the vertical axis shows a radial tilt signal 
which is normalized by a track sum signal. A dotted line 
in the drawing shows the case where track servo is ap- 
plied to the groove, and a solid line shows the case 
where track servo is applied to the land. In cases the 
track servo is applied to the land and the groove, as an 
absolute value of the radial tilt is larger, the absolute val- 
ue of the radial tilt signal becomes larger. The sensitivity 
of detection of the radial tilt is given by absolute values ^5 
of inclination of the linear solid line and dotted line in the 
drawing. Under the condition of the calculation of the 
intensity distribution shown in Figs. 30 to 32, the sensi- 
tivity is about 0.4r, and this value is very high. 

20 

[First Embodiment of Optical Information Recording and 
Playback Apparatus] 

[0055] Fig. 8 shows the optical information recording/ 
playback apparatus according to the first embodiment ^5 
of the present invention. In the present embodiment, a 
calculation circuit 79 and a driving circuit 80 as the op> 
tical information recording/playback apparatus are add- 
ed to the optical head apparatus according to the first 
embodiment of the present invention shown in Fig. 1. 
Conventional optical information recording/playback 
apparatus are provided with a driving circuit for rotating 
a disc, a reading signal processing circuit for reading 
data, an image signal, a sound signal and the like from 
a disc, a writing signal processing circuit for writing data, 
an image signal, a sound signal and the like into a disc, 
a processing circuit such as an operation panel, a con- 
trol circuit such as CPU and the like, but since these are 
conventional circuits, the description thereof is omitted. 
[0056] The calculation circuit 79 calculates a radial tilt 
signal based on the outputs from the respective detec- 
tion portions of the photo detector 1 0. The calculating 
method is described in the first embodiment of the opti- 
cal head apparatus of the present invention. The driving 
circuit 80 is combined with the calculating circuit 79 so 
as to compose a loop circuit by means of feedback, and 
this loop circuit tilts the objective lens 6 In the region 288 
surrounded by a dotted line in the drawing to the radial 
direction of the disc 7 by means of an actuator so that 
the radial tilt signal becomes zero. As a result, the radial 
tilt of the disc 7 is correctedi and negative Influence on 
the recording/playback characteristics is eliminated. For 
example, as the actuator, an electro-magnetic actuator, 
a piezo-electric actuator orthe like is used. The concrete 
structure of the actuator is described in iSOM/ODS'99 
Technical Digest pp. 20 - 22, for example. As shown In 
Fig. 7, the signs of the radial tilt signals are opposite to 
each other in the case track servo is applied to the 



groove and in the case where track servo is applied to 
the land. Thus, the polarity of the circuit composed of 
the calculation circuit 79 and the driving circuit 80 for 
correcting the radial tilt is switched for the land and the 
groove. 

[Second Embodiment of Optical Information Recording 
and Playback Apparatus] 

[0057] Fig. 9 shows the optical information recording/ 
playback apparatus according to the second embodi- 
ment, in which the calculation circuit 79 and a driving 
circuit 81 are added to the optical head apparatus ac- 
cording to the first embodiment shown in Fig. 1. 
[0058] The calculation circuit 79 calculates a radial till 
signal based on the outputs from the detection portions 
of the photo detector 10. The calculating method is de- 
scribed in the first embodiment of the optical head ap- 
paratus. 

[0059] In addition, the driving circuit 81 is combined 
with the calculation circuit 79 so as to compose a loop 
circuit by means of feedback, and this loop circuit tilts 
the whole optical head apparatus in the region 289 sur- 
rounded by a dotted line in the drawing by means of a 
motor, not shown, to the radial direction of the disc 7 so 
that the radial tilt signal becomes zero. As a result, the 
radial tilt of the disc 7 is corrected, and negative influ- 
ence upon the recording/playback characteristics is 
eliminated. For example, as the motor, a DC motor, a 
step motor or the like is used. The concrete structure of 
the motor is described In, for example, Japanese Patent 
Application Laid-Open No. 9-161293 (1997). As shown 
in Fig. 7, the signs of the radial tilt signals are opposite 
to each other in the case track servo is applied to the 
groove and in the case where track servo is applied to 
the land. Thus, the polarity of the circuit composed of 
the calculation circuit 79 and the driving circuit 81 for 
correcting the radial tilt is switched for the land and the 
groove. 

[0060] As an embodiment of the optical infonmation 
recording/playback apparatus, in addition to the above 
embodiment, one also considers an embodiment that a 
liquid crystal optical element is mounted in an optical 
system of the optical head apparatus so as to correct 
the radial tilt of the disc 7. In this embodiment using the 
liquid crystal optical element, different voltages are ap- 
plied to the respective regions of the liquid crystal optical 
element divided into a plurality of regions that the radial 
tilt signal becomes zero, and coma aberration such that 
coma aberration due to the substrate of the disc 7 is can- 
celed is generated. The concrete structure of the liquid 
crystal optical element Is described in, for example, 
ISOM/ODS'96 Technical Digest pp. 351 - 353. 

[Second Embodiment of Optical Head Apparatus] 

[0061] In the second embodiment of the optical head 
of the present invention, the arrangement of the focused 
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spots on Ihe disc 7 shown in Fig. 3 in the optical head 
apparatus according to the tirsl embodiment is changed 
into an arrangennent o1 the focused spots on the disc 7 
shown in Fig. 10. Spots 12. 82 and 83 correspond to a 
Olh order beam, a +lsl order beam and a -Isl order 
beam diffracted by the diftractive element 3. The fo- 
cused spot 1 2 is arranged on a track 1 1 (groove or land), 
the focused spot 82 is arranged on a boundary between 
the track 1 1 and a track adjacent to it on the left side 
(land or groove), and the focused spot 83 Is arranged 
on a boundary between the track 1 1 and a track adjacent 
to it on the right side (land or groove). 
[0062] Figs. 11 A to 11 P show various wavefomis re- 
lating to the tracking error signal and the radial tilt signal. 
The horizontal axis shows displacement between the fo- 
cused spot 12 and a groove when the focused spot 12 
as the main beam crosses the groove of the disc 7 from 
the left side to the right side of the radial direction, State 
"a" shows a state that the focused spot 12 is positioned 
on the groove. State "b" shows a state that the focused 
spot 1 2 is positioned on a boundary between the groove 
and the land. State "c" shows a slate that the focused 
spot 1 2 is positioned on the land. State "d" shows a state 
that the focused spot 12 is positioned on a boundary 
between the land and the groove. 

[0063] A waveform of [(V23 + V24 + V25 + V26 + V31 
+ V32 + V33 + V34) - (V27 + V28 + V29 + V30 + V35 + 
\/36 4- V37 + V38)] as a push-pull signal by means of 
the focused spot 12 as the main beam is represented 
by a solid line in Fig. 11 A. Since the focused spot 82 
shown in Fig. 10 is arranged to be shifted from the fo- 
cused spot 12 to the left side of Fig. 10 in the radial di- 
rection of the disc 7 by 1/4 pitch of the groove of the disc 
7, a waveform of I(V39 + V40 + V43 + V44) - (V41 + V42 
+ V45 + V46)) as a push-pull signal by means of the 
focused spot 82 as a sub beam is represented by a solid 
line in Fig. 11 B such that a phase is delayed by 7i/2 with 
respect to the waveform of the solid line in Fig. 11 A. 
[0064] In addition, since the focused spot 83 shown 
in Fig. 1 0 is arranged to be shifted from the focused spot 
1 2 to the right side in Fig. 1 0 in the radial direction of the 
disc 7 by 1 /4 pitch of the groove of the disc 7, a waveform 
of l(V47 + V48 + V51 -I- V52) - {V49 + V50 V53 + V54)] 
as a push-pull signal by means of the focused spot 83 
as the sub beam is represented by a solid line in Fig. 
lie such that the phase advances by 7c/2 with respect 
to the waveform represented by the solid line in Fig. 1 1 A. 
Since the phases of the waveforms represented by the 
solid lines in Figs. 11 B and 11 C are opposite to each 
other and the phases are shifted by 7c/2 with respect to 
the waveform represented by the solid line in Fig. 11 A, 
a waveform of a difference between the push-pull signal 
by means of the focused spot 1 2 as the main beam and 
the sum of the push-pull signals by means of the focused 
spots 82 and 83 as the sub beams, namely, of [(V23 + 
V24 + V25 -I- V26 + V31 + V32 -i- V33 + V34) - (V27 + 
V28 + V29 + V30 + V35 + V36 + V37 + V38)] - K[(V39 
+ V40 + V43 -I- V44 + V47 + V48 + V51 + V52) - (V41 + 



V42 + V45 + V46 + V49 4^ V50 + V53 4^ V54)] (K is con- 
slant) as a tracking error signal according to the differ- 
ential push-pull method Is represented by a solid line in 
Fig. 11 D. 

5 [0065] In the case where the disc 7 has no radial tilt, 
a value of |(V23 + V24 + V29 + V30 + V33 + V34 + V35 
+ V36) - (V25 + V26 + V27 + V28 -i^ V31 + V32 + V37 + 
V38)) as a radial lilt signal by means of the focused spot 
12 as the main beam becomes zero in both the cases 

10 where the focused spot 12 is positioned on the groove 
and the land of the disc 7. For this reason, its waveform 
is represented by a solid line in Fig. 11 E. Since the fo- 
cused spot 82 is arranged to be shifted from the focused 
spot 12 to the left side in Fig. 10 in the radial direction 

15 of the disc 7 by 1/4 pitch of the groove of the disc 7, a 
waveform of [(V39 + V42 + V44 + V45) - (V40 + V41 + 
V43 + V46)] as a radial tilt signal by means of the fo- 
cused spot 82 as the sub beam is represented by a solid 
line in Fig. 11 F such that the phase Is delayed by 7i/2 

20 with respect to the waveform represented by the solid 
line in Fig. 11 E. 

[0066] In addition, since the focused spot 83 is ar- 
ranged to be shifted from the focused spot 1 2 to the right 
side in Fig. 10 in the radial direction of the disc 7 by 1/4 
25 pitch of the groove of the disc 7, a waveform of [(V47 + 
V50 V52 + V53) - (V48 + V49 + V51 + V54)] as a radial 
tilt signal by means of the focused spot 83 as the sub 
beam is represented by a solid line in Fig. 11 G such that 
the phase advances by 7c/2 with respect to the waveform 
30 represented by the solid line in Fig. 11 E. For this reason, 
a waveform of a difference between the radial lilt signal 
by means of the focused spot 12 as the main beam and 
the sum of the radial tilt signals by means of the focused 
spots 82 and 83 as the sub beams, namely, [(V23 +V24 

35 + V29 + V30 + V33 + V34 + V36 + V36) - (V25 + V26 + 
V27 + V28 + V31 4- V32 + V37 + V38)] - K[(V39 + V42 
+ V44 + V45 + V47 + V50 + V52 + V53) - (V40 + V41 + 
V43 4- V46 4- V48 4- V49 4- V51 4- V54)] (K Is constant) 
is represented by a solid line In Fig. 11 H. 

40 [0067] In the case the disc 7 has a positive radial tilt, 
a value of [(V23 + V24 4- V29 4- V30 4- V33 4- V34 4- V35 
4- V36) - (V25 4- V264- V27 4- V28 4- V31 4- V32 4- V37 4- 
V38)] as the radial lilt signal by means of the focused 
spot 1 2 as the main beam is a positive value in the case 

45 the focused spot 12 is positioned on the groove of the 
disc 7 and is a negative value in the case where the fo- 
cused spot 12 is positioned on the land. For this reason, 
its waveform Is represented by a solid line In Fig. 111. 
Since the focused spot 82 is arranged to be shifted from 

50 the focused spot 1 2 to the left side in Fig. 1 0 in the radial 
direction of the disc 7 by 1/4 pitch of the groove of the 
disc 7. a waveform of [(V39 4- V42 4- V44 + V45) - (V40 
+ V41 4- V43 4- V46)] as the radial tilt signal by means 
of the focused spot 82 as the sub beam is represented 

55 by a solid line in Fig. 11J such that a phase is delayed 
by n/2 with respect to the waveform represented by the 
solid line in Fig. 111. Since the focused spot 83 is ar- 
ranged to be shifted from the focused spot 1 2 to the right 



11 



BNSOOCID: <EP 11 48481 A2J_> 



21 



EP 1 148 481 A2 



22 



side in Fig. 10 in the radial direction of the disc 7 by 1/4 
pitch o( the groove of the disc 7, a waveform of |(\/47 4 
V50 + V52 + V53) - (V48 + V49 + V51 + V54)] as the 
radial tilt signal by means of the focused spot 83 as the 
sub beam is represented by a solid line in Fig. 11K so 
that the phase is advanced by 7i/2 with respect to the 
waveform represented by the solid line in Fig. 11 1. 
[0068] In addition, since the phases of the waveforms 
represented by the solid lines in Figs. 11J and 11 K are 
opposite to each other and the phases are shifted by vJ 
2 with respect to the waveform represented by the solid 
line in Fig. 111, a waveform of a difference between the 
radial tilt signal by means of the focused spot 12 as the 
main beam and the sum of the radial tilt signals by 
means of the focused spots 82 and 83 as the sub 
beams, namely, of [(V23 + V24 + V29 + V30 + V33 + 
V34 4- V35 + V36) - (V25 + V26 + V27 + V28 + V31 + 
V32 + V37 + V38)l - KI(V39 + V42 + V44 + V45 + V47 
4- V50 + V52 + V53) - (V40 + V41 + V43 + V46 + V48 + 
V49 + V51 + V54)] (K is constant) as a final radial tilt 
signal is represented by a solid line in Fig. 11L. 
[0069] In the case the disc 7 has a negative radial tilt, 
a value of [(V23 + V24 + V29 + V30 + V33 + V34 + V35 
+ V36) - (V25 4- V26 + V27 + V28 + V31 + V32 + V37 + 
\/38)] as the radial tilt signal by means of the focused 
spot 1 2 as the main beam is a negative value in the case 
where the focused spot 12 is positioned on the groove 
of the disc 7 and is a positive value in the case where 
the focused spot 12 is positioned on the land. For this 
reason, its waveform is represented by a solid line in 
Fig. 11f^. Since the focused spot 82 is arranged to be 
shifted from the focused spot 12 to the left side in Fig. 
10 in the radial direction of the disc 7 by 1/4 pitch of the 
groove of the disc 7, a wavefomn of [(V39 + V42 + V44 
+ V45) - {V40 + V41 + V43 + V46)] as the radial tilt signal 
by means of the focused spot 82 as the sub beam is 
represented by a solid line in Fig.llN such that the 
phase is delayed by 7c/2 with respect to the waveform 
represented by the solid line in Fig. 11M. Since the fo- 
cused spot 83 is arranged to be shifted from the focused 
spot 12 to the right side in Fig. 10 with respect to in the 
radial direction of the disc 7 by 1/4 pitch of the groove 
of the disc 7, a wavefomri of [(V47 + V50 + V52 + V53) 
- (V48 + V49 + V51 + V54)] as the radial tilt signal by 
means of the focused spot 83 as the sub beam Is rep- 
resented by a solid line in Fig. 110 such that the phase 
is advanced by ic/2 with respect to the waveform repre- 
sented by the solid line in Fig. 11 M. 
[0070] In addition, since the phases of the waveforms 
represented by the solid lines in Figs. 11 N and 1 1 0 are 
opposite to each other and the phases are shifted by iU 
2 with respect to the wavefonm represented by the solid 
line in Fig. 11 M, a waveform of a difference between the 
radial tilt signal by means of the focused spot 1 2 as the 
main beam and the sum of the radial tilt signals by 
means of the focused spots 82 and 83 as the sub 
beams, namely, of ((V23 + V24 + V29 + V30 + V33 + 
V34 + V35 + V36) - (V25 + V26 + V27 + V28 + V31 + 



V32 + V37 4- V38)) - K|(V39 + V42 4- V44 4 V45 4 V47 
4 V50 4- V52 4- V53) - (V40 4- V41 4 V43 + V46 4- V48 4 
V49 + V51 4- V54)l (K is constant) as a final radial tilt 
signal is represented by a solid line in Fig. IIP. 

3 [0071] At first, it is assumed that track servo is applied 
to the state "a", namely to the groove by using the track- 
ing error signal shown in Fig. 1 1 D. In the case the radial 
tilt of the disc 7 is zero, positive and negative, the values 
of the radial tilt signal shown in Figs. 11H, 11L and 11 P 

10 become zero, positive and negative respectively. There- 
fore, this radial tilt signal is used so as to be capable of 
detecting the radial till of the disc 7. Next, it is assumed 
that track servo is applied to state "c", namely, to the 
land by using the tracking error signal shown in Fig. 1 1 D. 

^5 In the case the radial tilt of the disc 7 is zero, positive 
and negative, the values of the radial tilt signal shown 
in Figs. 11H, 11 L and IIP become zero, negative and 
positive respectively. Therefore, the radial tilt signal is 
used so as to be capable of detecting the radial tilt of 

^0 the disc 7. 

[0072] When the objective lens 6 is shifted in the radial 
direction of the disc 7, the main beam and the sub 
beams on the holographic element 8 are also shifted in 
the radial direction of the disc 7. When the main beam 

25 is shifted to the left in Fig. 4, the outputs from the detec- 
tion portions 23, 24, 33 and. 34 increase, and the out- 
puts from the detection portions 27, 28. 37 and 38 de- 
crease. Moreover, when the sub beams are shifted to 
the left in Fig. 4, the outputs from the detection portions 

30 39, 44, 47 and 52 increase, and the outputs from the 
detection portions 41. 46, 49 and 54 decrease. 
[0073] At this time, a waveform of [(V23 4- V24 4- V25 
-I- V26 + V31 + V32 + V33 + V34) - (V27 + V28 + V29 + 
V30 4- V35 4- V36 4- V37 + V38)] as a push-pull signal by 

35 means of the focused spot 1 2 as the main beam is rep- 
resented by a dotted line in Fig. 11 A. A wavefonm of 
[(V39 4- V40 + V43 4- V44) - (V41 4- V42 4- V45 + V46)] 
as a push-pull signal by means of the focused spot 82 
as the sub beam is represented by a dotted line in Fig. 

40 1 1 B. A wavefomn of [(V47 4- V48 4- V51 4- V52) - (V49 4- 
\/50 4- V53 + V54)] as a push-pull signal by means of 
the focused spot 83 as the sub beam is represented by 
a dotted line in Fig. 11 C. Although the phases of the dot- 
ted lines in Figs. 11 Band 11 C are opposite to each other 

45 and the phases are shifted by jc/2 with respect to the 
waveform represented by the dotted line in Fig. 11 A, 
since signs of DC components are the same, a wave- 
fomn of [(V23 + V24 4- V25 + VZQ -i- V31 + V32 4- V33 4- 
V34) - (V27 + V28 + V29 4- V30 4- V35 + V36 4- V37 4- 

50 V38)] - K[{V39 4- V40 + V43 4- V44 4- V47 + V48 4- V51 
4- V52) - (V41 4- V42 4- V45 + V46 + V49 4- V50 4- VS3 4- 
V54)] (K is constant) as a tracking error signal according 
to the differential push-pull method is represented by a 
solid line in Fig. 11D in such a manner that a value of K 

55 is set suitably and offsets generated in the push-pull sig- 
nals of the main beam and the sub beams eliminate 
each other. 

[0074] In the case the disc 7 has no radial tilt, a wave- 



12 



BNSOOCtO: <eP 1 148481 A2J„> 



23 



EP 1 148 481 A2 



24 



form of |(V23 + V24 + V29 + V30 4- V33 4- V34 + V35 + 
V36) - (V25 + V26 + V27 + V28 + V31 + V32 -h V37 + 
V38)] as a radial tilt signal by means of the focused spot 
12 as the main beam is represented by a doited line in 
Fig. 11E. A waveform of |(V39 + V42 + V44 + V45) - 
(V40 -f V41 + V43 -1- V46)] as a radial tilt signal by means 
of the focused spot 82 as the sub beam is represented 
by a dotted line in Fig. 1 1 F. A wavefonm of [(V47 + V50 
+ V52 + V53) - (V48 + V49 + V51 + V54)] as a radial till 
signal by means of the focused spot 83 as the sub beam 
IS represented by a dotted line in Fig. 11 G. Since signs 
of DC components of the waveforms represented by the 
doited lines in Figs. 1 1 E and 1 1 F and 1 1 G are the same, 
a waveform of ((V23 + V24 + V29 + V30 + V33 + V34 + 
V35 ♦ V36) - (V25 + V26 + V27 4- V28 4- V31 4- V32 + 
V3/ + V38)) - K((V39 4- V42 + V44 + V45 + V47 4- V50 
4 \/52 + V53)- (V40 4- V41 4- V43 + V46 + V48 + V49 + 
V51 + \/54)J (K is constant) as a final radial till signal is 
rcorcsenled by a solid line in Fig. 11 H in such a manner 
that the value of K is set suitably and offsets generated 
in the radial tilt signals of the main beam and the sub 
beams eliminate each other. 

[0075] In the case the disc 7 has a positive radial tilt, 
a waveform of [(V23 4- V24 + V29 4- V30 4- V33 + V34 + 
V35 1 y36) - (V25 + V26 + V27 + V28 + V31 + V32 + 
V37 4^ V38)] as a radial tilt signal by means of the fo- 
cused spot 12 as the main beam is represented by a 
dolled line in Fig. 1 1 1. A wavefomri of [(V39 4- V42 4- V44 
+ V45) - (V40 + V41 4- V43 4- V46)] as a radial tilt signal 
by means of the focused spot 82 as the sub beam is 
represented by a dotted line in Fig. 11J. A wavefomi of 
[(V47 + V50 4- V52 4- V53) - (V48 + V49 4- V51 4- V54)) 
as a radial tilt signal of by means of the focused spot 83 
as the sub beam is represented by a dotted line in Fig. 
1 1K. Since phases of the waveforms represented by the 
dotted lines in Figs. 11J and 11K are opposite to each 
other and the phases are shifted by 7c/2 with respect to 
the waveform represented by the dotted line in Fig. 111 
but signs of DC components are the same, a waveform 
of I(V23 4. V24 + V29 + V30 + V33 + V34 + V35 + V36) 

- (V25 4- V26 + V27 + V28 + V31 4- V32 + V37 + V38)] - 
K [(V39 + V42 + V44 + V45 + V47 + V50 4- V52 4- V53) 

- (V40 4- V41 4- V43 4- V46 4- V48 4- V49 4- V51 4- V54)] 
(K is constant) as a final radial tilt signal is represented 
by a solid line in Fig. 11 L in such a manner that the value 
of K is set suitably and offsets generated in the radial tilt 
signals of the main beam and the sub beams eliminate 
each other. 

[0076] In the case the disc 7 has a negative radial tilt, 
a wavefomi of [(V23 4- V24 4- V29 4- V30 4- V33 + V34 4- 
V35 + V36) - (V25 + V26 + V27 4- V28 4- V31 4- V32 4- 
V37 4 V38)] as a radial tilt signal by means of the fo- 
cused spot 12 as the main beam is represented by a 
dotted line in Fig. 111^. A waveform of [(V39 4- V42 4- 
V44 4- V45) - (V40 4- V41 4- V43 4- V46)] as a radial tilt 
signal by means of the focused spot 82 as the sub beam 
is represented by a dotted line in Fig. 11 N. A waveform 
of [(V47 + V50 + V52 + V53) - (V48 4- V49 + V51 + V54)l 



as a radial till signal by means of the focused spot 83 
as the sub beam is represented by a dotted line in Fig. 
110. Since phases of the waveforms represented by the 
dotted lines in Figs. 11N and 110 are opposite to each 
5 other and the phases are shifted by 7i/2 with respect to 
the waveform represented by the dotted line in Fig. 1 1 M 
but signs of DC components are the same, a waveform 
of |(V23 4- V24 4- V29 + V30 + V33 4- V34 + V35 4- V36) 

- (V25 + V26 4- V27 4- V28 4- V31 4- V32 + V37 + V38)l - 
10 K 1(V39 + V42 + V44 + V45 4- V47 + V50 4- V52 4. V53) 

- (V40 + V41 + V43 4- V46 + V48 + V49 4- V51 + V54)l 
(K is constant) as a final radial tilt signal is represented 
by a solid line in Fig. 1 1 P in such a manner that the value 
of K is set suitably and offsets generated in the radial tilt 

15 signals of the main beam and the sub beams cancel 
each other. 

[0077] Namely, even when the objective lens 6 Is shift- 
ed in the radial direction of the disc 7, no offset is gen- 
erated in the radial signal, and the radial tilt of the disc 
7 can be detected correctly. 

[0078] In the second embodiment of the optical head 
apparatus of the present invention, the wavefonm of 
((V39 4- V40 + V43 + V44) > (V41 4- V42 4- V45 4- V46)] 
as the push-pull signal by means of the focused spot 82 

25 as the sub beam is represented by the solid line in Fig. 
11 B. and the wavefonm of [(V47 4- V48 4- V51 + V52) - 
(V49 4- V50 + V53 4- V54)] as the push-pull signal by 
means of the focused spot 83 as the sub beam is rep- 
resented by the solid line in Fig. 1 1 C. The difference be- 

30 tween the push-pull signal by means of the focused spot 
82 and the push-pull signal by means of the focused 
spot 83 is called as a land/groove position detecting sig- 
nal. At this time, a value of [(V39 4- V40 4- V43 4- V44 4- 
V49 4- V50 + V53 + V54) - (V41 4- V42 + V45 + V46 4- 

35 V47 4- V48 4- V51 + V52)l as the land/groove position 
detecting signal becomes a positive value in the case 
where the focused spot 12 as the main beam is posi- 
tioned on the groove of the disc 7 and becomes a neg- 
ative value in the case the focused spot 1 2 is positioned 

40 on the land. Therefore, signs of the land/groove position 
detecting signal enable detection as to whether the fo- 
cused spot 12 is positioned on the land or the groove in 
the disc 7. 

45 fThlrd Embodiment of Optical Head Apparatus] 

[0079] In the optical head apparatus according to the 
third embodiment of the present invention, the diffractive 
element 3 shown in Fig. 2 in the optical head apparatus 

50 according to the first embodiment shown in Fig. 1 is re- 
placed by a diffractive element 84 shown in Fig. 12. 
[0080] Fig. 12 is a plan view showing the diffractive 
element 84. The diffractive element 84 is constituted so 
that diffraction gratings are formed in a region including 

55 the effective diameter of the objective lens 6 shown by 
a dotted line in the drawing, and the region is divided 
into two regions 85 and 86 by a straight line which pass- 
es through the optical axis of the incident beam and is 
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parallel with the tangential direction ot the disc 7 Direc- 
tions of the diffraction gratings are parallel with the radial 
direction of the disc 7 in both the areas 85 and 86, and 
the pattern of the gratings are linear with equal pilches 
in both regions 85 and 86. Phases of the gratings in the 
regions B5 and 86 are shifted by n to each other. 
[0081] Here, when a phase difference between the 
line portions and the space portions of the gratings is, 
for example, 0.2327i, an incident beam is transmitted 
about 87.3 % as a 0th order beam and is diffracted about 
5.1 % as ±1st order beams. When the +1st order beam 
and the -1sl order beam are a beam diffracted up and a 
beam diffracted down in Fig. 12, phases of the +1st or- 
der beams diffracted from the regions 85 and 86 are 
shifted by n each other, and phases of the -1st order 
beams diffracted from regions 85 and 86 are shifted by 
ji to each other. 

[0082] Fig. 13 shows an arrangement of focused 
spots on the disc 7. Spots 12, 87 and 88 correspond lo 
a 0th order beam, a +1st order beam and a -1st order 
beam diffracted by the diff ractive element 84 respective- 
ly, and they are positioned on the same track 1 1 (groove 
or land). The focused spots 87 and 88 have two peaks 
of the same intensity on the right and left sides in the 
radial direction of the disc 7. 

[0083] The diffractive element 84 is divided into the 
two regions 85 and 86 by the straight line which passes 
through the optical axis of the incident beam and is par- 
allel with the tangential direction of the disc 7. and the 
phases of the gratings in the regions 85 and 86 are shift- 
ed by n to each other so phases of the sub beams en- 
tering the objective lens 6 are shifted by n on the left and 
right side of the straight line passing through the optical 
axis and parallel with the tangential direction of the disc 
7. Relating to the tracking error signal, this is equivalent 
to that the focused spots of the two sub beams on the 
disc 7 are arranged to be shifted from the focused spot 
of the main beam by 1/2 pitch of the groove of the disc 
7 to the opposite directions in the radial direction of the 
disc 7. The reason for this is described in, for example, 
Proceedings of the 57th Annual Conference of the Ja- 
pan Society for Applied Physics, Vol.3 pp 906 (7p-E-1). 
SImilarty both of them are equivalent to each other as 
for a radial tilt signal. 

[0084] Therefore, various waveforms relating to the 
tracking error signals and the radial tilt signals In the op- 
tical head apparatus according to the third embodiment 
of the present invention are the same as the waveforms 
relating to the tracking error signals and the radial tilt 
signals in the optical head apparatus according to the 
first embodiment of the present invention. Namely, even 
if the objective lens 6 is shifted in the radial direction of 
the disc 7, no offset is generated in the radial tilt signal 
and the radial tilt of the disc 7 can be detected correctly. 
[0085] In the optical head apparatus according to the 
third embodiment, the focused spot 12 as the main 
beam and the focused spots 87 and 88 as the sub 
beams are arranged on the same track 11 of the disc 7. 



Therefore, as (or a disc with different track pitches, the 
arrangement of the focused spots 12. 87 and 88 is not 
changed, and the radial tilt of a disc with arbitrary track 
pitch can be delected correctly. 

5 

[Fourth Embodiment of Optical Head Apparatus) 

[0086] In the optical head apparatus according to the 
fourth embodiment of the present invention, the diffrac- 

10 live element 3 shown in Fig. 2 in the optical head appa- 
ratus according to the first embodiment is replaced by 
a diffractive element 89 shown in Fig. 14. 
[0087] Fig. 14 a is plan view showing the diffractive 
element 89. The diffractive element 89 is constituted so 

'5 that diftraction gratings are formed in a region including 
the efteciive diameter of the objective lens 6 shown by 
a dotted line in the drawing, and the region Is divided 
into two regions 90 and 91 by a straight line which pass- 
es through the optical axis of the incident beam and is 

20 parallel with the tangential direction of the disc 7. Direc- 
tions of the diffraction gratings are parallel with the radial 
direction of the disc 7 in both the regions 90 and 91 , and 
the pattern of the gratings are linear with equal pitches 
in both the regions 90 and 91 . Phases of the gratings in 

25 the regions 90 and 91 are shifted by n/2 to each other. 
When the phase difference between the line portions 
and the space portions of the gratings is, for example, 
0.2327r, an incident beam is transmitted about 87.3 % 
as a 0th order beam and is diffracted about 5.1 % as 

30 ±ist order beams. When the +1st order beam and the 
-1 St order beam are a beam diffracted up and a beam 
diffracted down in Fig. 14,the phase of the +1st order 
beam diffracted by the region 90 is advanced by 7c/2f rom 
the +1 St order beam diffracted by the region 91 , and the 

35 phase of the -1 st order beam diffracted by the region 90 
is delayed by n/2 from the -1st order beam diffracted by 
the region 91 . 

[0088] Fig. 15 shows an arrangement of focused 
spots on the disc 7. Spots 12, 92 and 93 correspond to 

40 a 0th order beam, a +1st order beam and a -1st order 
beam diffracted by the diffractive element 89 respective- 
ly, and they are positioned on the same track 1 1 (groove 
or land). The focused spot 92 has two peaks in which 
the Intensity is strong on the left side in the radial direc- 
tion of the disc 7 and the intensity is weak on the right 
side, and the focused spot 93 has two peaks in whk:h 
the intensity is weak on the left side in the radial direction 
of the disc 7 and the intensity is strong on the right side. 
[0089] The diffractive element 89 is divided into two 

so regions 90 and 91 by the straight line which passes 
through the optical axis of the incident beam and Is par- 
allel with the tangential direction of the disc 7, and the 
phases of the gratings in the regions 90 and 91 are shift- 
ed by 7c/2 to each other so that phases of the sub beams 

55 entering the objective lens 6 are shifted by 7c/2 on the 
left and right side of the straight line passing through the 
optical axis and parallel with the tangential direction of 
the disc 7. Relating to a tracking error signal, this is 
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equivalent to the focused spots of the two sub beams 
on the disc 7 being arranged to be shifted from the fo- 
cused spot o( the main beam by 1/4 pitch of the groove 
of Ihe disc 7 to the opposite directions in the radial di- 
rection of the disc 7. The reason for this is descrtoed in, 5 
for example, Japanese Journal of Applied Physics Vol. 
38, Part I, 3B. pp. 1761 - 1767. Similarly both of them 
are equivalent to each other as for a radial tilt signal. 
[0090] Therefore, various waveforms relating to the 
tracking error signals and the radial tilt signals in the op- io 
tical head apparatus according to the fourth embodi- 
ment are the same as the waveforms relating to the 
tracking error signals and the radial tilt signals in the op- 
tical head apparatus according to the second embodi- 
ment shown in Fig. 1 1 . Namely, even if the objective lens '5 
6 is shifted in the radial direction of the disc 7, no offset 
is generated in the radial tilt signal and the radial tilt of 
the disc 7 can be detected correctly. 
[0091] In the optical head apparatus according to the 
fourth embodiment, the focused spot 12 as the main 
beam and the focused spots 92 and 93 as the sub 
beams are arranged on the same track 1 1 of the disc 7. 
Therefore, as for a disc with different track pitches, the 
arrangement of the focused spots 12, 92 and 93 is not 
changed, and the radial tilt of a disc with arbitrary track 25 
pitch can be detected correctly. 

[0092] In addition, similarly to the optical head appa- 
ratus according to the second embodiment, signs of the 
land/groove position detecting signal enable detection 
as to whether the focused spot 12 is positioned on the 30 
land or groove on the disc 7. 

[Fifth Embodiment of Optical Head Apparatus] 

[0093] In the optical head apparatus according to the 
fifth embodiment of the present invention, the diffractive 
element 3 shown in Fig. 2 of the optical head apparatus 
according to the first embodiment is replaced by a dif- 
fractive element 94 shown in Fig. 16. 
[0094] Fig. 1 6 is a plan view of the diffractive element 
94. The diffractive element 94 is constituted so that dif- 
fraction gratings are formed in a region including the ef- 
fective diameter of the objective lens 6 shown by a dot- 
ted line in the drawing, and the region is divided into four 
regions 95 to 98 by a straight line which passes through 
the optical axis of the Incident beam and is parallel with 
the tangential direction of the disc 7 and a straight line 
parallel with the radial direction of the disc 7. Directions 
of the diffraction gratings are parallel with the radial di- 
rection of the disc 7 in all the regions 95 to 98, and the 
pattern of the gratings are linear with equal pitches in all 
regions 95 to 98. Phases of the gratings in the regions 
95 and 96 and phases of the gratings in the regions 97 
and 98 are shifted by 7[/2 to each other. When a phase 
difference between the line portions and the space por- 
tions of the gratings is. for example, 0.2327c. an incident 
beam is transmitted about 87.3 % as a 0th order beam 
and is diffracted about 5.1 % as ±1st order beams. When 



the 1st order beam and the -1st order beam are a beam 
diffracted up and a beam diffracted down in Fig. 1 6, the 
phases of the -» 1st order beams diffracted from the re- 
gions 95 and 98 are advanced by tU2 from the phases 
of the -fist order beams diffracted from the regions 96 
and 97, and the phases of the -1st order beams diffract- 
ed from the regions 95 and 98 are delayed by tU2 from 
the phases of the -1st order beams diffracted from the 
regions 96 and 97. 

[0095] Fig. 17 shows an arrangement of focused 
spots on the disc 7 in the case the diffractive element 
94 is used in the optical head apparatus. 
[0096] Spots 1 2, 99 and 1 00 correspond to a 0th order 
beam, a +1 st order beam and a -1 st order beam diffract- 
ed by the diffractive element 94 respectively, and they 
are positioned on the same track 11 (groove or land). 
The focused spots 99 and 1 00 have four side lobes in 
a direction of ±45"* with respect to the tangential direc- 
tion and the radial direction of the disc 7. 
[0097] A wavefomn of [(V23 -h V24 + V25 + V26 + V31 
+ V32 -I- V33 + V34) - (V27 + V28 + V29 + V30 + V35 + 
V36 + V37 + V38)] as a push-pull signal by means of 
the focused spot 12 as the main beam is represented 
by the solid line in Fig. 11 A. Here, push-pull signals by 
means of the +1st order beams diffracted from the re- 
gions 95 and 96 of the diffractive element 94 and the 
+1st order beams diffracted from the regions 97 and 98 
are called a plus forward-side push-pull signal and a 
plus backward-side push-pull signal by means of the fo- 
cused spot 99 respectively, and push-pull signals by 
means of the -1st order beams diffracted from the re- 
gions 95 and 96 of the diffractive element 94 and the 
-1 st order beams diffracted from the regions 97 and 98 
are called a minus forward-side push-pull signal and a 
minus backward-side push-pull signal by means of the 
focused spot 100 respectively. At this time, waveforms 
of [(V39 -I- V40) - (V41 -I- V42)] as the plus forward-side 
push-pull signal by means of the focused spot 99 as the 
sub beam and [(V51 + V52) - (V53 + V54)] as the minus 
backward-side push-pull signal by means of the focused 
spot 100 are represented by the solid line in Fig. 11 B. 
[0098] Waveforms of [(V43 + V44) - (V45 4- V46)] as 
the plus backward-side push-pull signal by means of the 
focused spot 99 as the sub beam and [(V47 + V48) - 
(V49 + V50)] as the minus forward-side push-pull signal 
by means of the focused spot 100 are represented by 
the solid line in Fig. 11C. 

[0099] Therefore, the wavefomn of the difference be- 
tween the push-pull signal by means of the focused spot 
12 as the main beam and the sum of the forward-side 
and backward-side push-pull signals by means of the 
focused spots 99 and 100 as the sub beams, namely, 
[(V23 + V24 + V25 + V26 -i- V31 + V32 + V33 -»- V34) - 
(V27 + V28 + V29 + V30 -i- V35 + V36 -f- V37 + V38)] - 
K[(V39 -I- V40 + V43 + V44 + V47 + V48 + V51 -i- V52) - 
(V41 + V42 + V45 -I- V46 -i- V49 + V50 + V53 4- V54)] (K 
is constant) as a tracking error signal according to the 
differential push-pull method is represented by the solid 



40 



45 



50 



15 



BNSDCX:iO: <EP 11 48481 A2J_> 



29 



EP 1 148 481 A2 



30 



line in Fig. 11 D 

[0100] In the case the disc 7 has no radial tilt, a wave- 
form of |(V23 + V24 -i- V29 4 V30 + V33 + V34 + V35 + 
V36) - (V25 + V26 + V27 + V28 + V31 + V32 + V37 4 
\/38)l as a radial lilt signal by means of the focused spot 
12 as the main beam is represented by the solid line in 
Fig. 11 E. 

[01 01 ] Here, the radial tilt signals by means of the +1 st 
order beams diffracted from the regions 95 and 96 of 
the diftractive element 94 and the +1st order beams dif- 
fracted from the regions 97 and 98 are called a plus for- 
ward-side radial lilt signal and a plus backward-side ra- 
dial till signal by means of the focused spot 99 respec- 
tively, and the radial till signals by means of the -1st or- 
der beams diffracted from Ihe regions 95 and 96 of the 
dittractive element 94 and the -1st order beams diffract- 
ed from the regions 97 and 98 are called a minus for- 
ward-side radial till signal and a minus backward-side 
radiHl till signal by means of the focused spot 100 re- 
spectively. At this lime, waveforms of [(V39 + V42) - (V40 
^ V41)) as the plus forward-side radial tilt signal by 
means of the focused spot 99 as the sub beam and 
|(V52 + V53) - (V51 -1^ V54)] as the minus backward-side 
radial tilt signal by means of the focused spot 100 are 
represented by the solid line in Fig. 11 F. Waveforms of 
|{V44 + V45) - (V43 + V46)] as the plus backward-side 
radial till signal by means of the focused spot 99 as the 
sub beam and [(V47 + V50) - (V48 + V49)] as the minus 
forward-side radial tilt signal by means of the focused 
spot 100 are represented by the solid line in Fig. 11G. 
Therefore, the waveform of the difference between the 
radial lilt signal by means of the focused spot 12 as the 
main beam and the sum of the forward-side and back- 
ward-side radial tilt signals by means of the focused 
spots 99 and 100 as the sub beams, namely, of [(V23 + 
V24 + V29 -I- V30 + V33 + V34 + V35 + V36) - (V25 + 
V26 + V27 + V28 + V31 + V32 + V37 -i- V38)] - K[(V39 
+ V42 -I- V44 + V45 + V47 + V50 + V52 -»- V53) - (V40 + 
V41 + V43 -I- V46 + V48 + V49 -i- V51 -i- V54)] (K is con- 
stant) as a final radial tilt signal is represented by the 
solid line in Fig. 11 H. 

[0102] In the case the disc 7 has a positive radial tilt, 
a waveform of [(V23 + V24 -i- V29 -i- V30 + V33 -i- V34 + 
V35 + V36) - (V25 -i- V26 + V27 + V28 -i- V31 + V32 -i- 
V37 + \/38)] as a radial tilt signal by means of the fo- 
cused spot 12 as the main beam is represented by the 
solid line in Fig. 11 1. A waveform of [(V39 -i- V42) - (V40 
+ V41)] as the plus forward-side radial tilt signal by 
means of the focused spot 99 as the sub beam and a 
waveform of [(V52 V53) - (V51 + V54)] as the minus 
backward-side radial lilt signal by means of the focused 
spot 100 are represented by the dotted line in Fig. 11J. 
[0103] A waveform of ((V44 + V45) - (V43 -i- V46)] as 
the plus backward-side radial tilt signal by means of the 
focused spot 99 as the sub beam and a waveform of 
[(V47 -I- \/50) - (\/48 + \/49)] as the minus forward-side 
radial tilt signal by means of the focused spot 100 are 
represented by the solid line in Fig. 11K. 



[0104] Thus, the difference between the radial till sig- 
nal by means of the focused spot 12 as the main beam 
and the sum of Ihe forward-side and backward-side ra- 
dial tilt signals by means of the focused spots 99 and 

5 100 as the sub beams, namely, a waveform of |(V23 + 
V24 + V29 + V30 + V33 + V34 + V35 + V36) - (V25 + 
V26 4- V27 + V28 + V31 + V32 + V37 + V38)l - K l(V39 
-I- V42 + V44 4 V45 + V47 + V50 + V52 + V53) - (V40 + 
V41 4- V43 4 V46 4 V48 4 V49 4 V51 4 V54)) (K is con- 

10 slant) as a final radial tilt signal is represented by the 
solid line in Fig. 11 L. 

[0105] In the case the disc 7 has a negative radial tilt, 
a wavefonn of [{V23 4 V24 + V29 4 V30 4 V33 4 V34 4 
V35 4- V36) - (V25 4 V26 4 V27 4 V28 4 V31 4 V32 4 

15 V37 + V38)] as the radial tilt signal by means of the fo- 
cused spot 12 as the main beam is represented by the 
solid line in Fig. 1 1 1Vl. A waveform of [( V39 -i- V42) - (V40 
4 V41)l as the plus forward-side radial tilt signal by 
means of the focused spol 99 as the sub beam and a 

20 waveform of [V52 4 V53) - (V51 4 V54)] as the minus 
backward-side radial tilt signal as the focused spot 100 
are represented by the solid line in Fig. UNA waveform 
of [(V44 4- V45)) - (V43 4 V46)] as the plus backward- 
side radial tilt signal by means of the focused spot 99 as 

25 the sub beam and a waveform of I(V47 4 V50) - (V48 + 
V49)] as the minus fonvard-side radial tilt signal by 
means of the focused spot 100 are represented by the 
solid line in Fig. 11 0. 

[01 06] Thus, the difference between the radial till sig- 

30 nal by means of the focused spot 12 as the main beam 
and the sum of the fonvard-side and backward-side ra- 
dial lilt signals by means of the focused spots 99 and 
100 as the sub beams, namely, a waveform of ((V23 + 
V24 + V29 + V30 + V33 + V34 4- V35 4- V36) - (V25 + 

35 V26 4- V27 + V28 4- V31 4- V32 4- V37 + V38)] - K [(V39 
4- V42 4- V44 V45 4- V47 4- V50 + V52 -i- V53) - (V40 + 
V41 + V43 + V46 + V48 -i- V49 + V51 -i- V54)] (K is con- 
stant) as a final radial tilt signal is represented by the 
solid line in Fig. IIP. 

40 [0107] Various wavefomns relating to the tracking er- 
ror signals and the radial tilt signals when the objective 
lens 6 is shifted in the radial direction of the disc 7 can 
be also described similarly with reference to Fig. 1 1 . 
Nannely, even when the objective lens 6 is shifted in the 

45 radial direction of the disc 7, no. offset Is generated In 
the radial tilt signal, and the radial tilt of the disc 7 can 
be detected correctly. 

[0108] In the optical head apparatus according to the 
fifth, embodiment, the focused spot 12 as the main 

50 beam and the focused spots 99 and 100 as the sub 
beams are arranged on the same track 11 of the disc 7. 
Therefore, as for a disc with different track pitches, the 
arrangement of the focused spots 1 2, 99 and 1 00 is not 
changed, and the radial tilt of a disc with arbitrary track 

55 pitch can be detected correctly. 

[0109] In the fifth embodiment of the optrcal head ap- 
paratus, the wavefomn of [(V39 4- V40) - (V41 + V42] as 
the plus forward-side push-pull signal by means of the 
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focused spot 99 as the sub beam and ihe waveform of 
|(V51 + V52) - (V53 + V54)] as the minus backward-side 
push-pull signal by means of the focused spot 100 are 
represented by the solid line in Fig. 11 B. and the wave- 
form of |(V43 + V44) - (V45 -i^ V46)| as the plus back- 
ward-side push-pull signal by means of the focused spot 
99 as the sub beam and the waveform of ((V47 4- V48) 
- (V49 4- V50)] as the minus forward-side push-pull sig- 
nal by means of the focused spot 100 are represented 
by the solid line in Fig. 11C. 

[01 1 0] The difference between the sum of the plus for- 
ward-side push-pull signal by means of the focused spot 
99 and the minus backward-side push-pull signal by 
means of the focused spot 100 and the sum of the plus 
backward-side push-pull signal by means of the focused 
spot 99 and the minus forward-side push-pull signal by 
means of the focused spot 100 is called a land/groove 
position detecting signal. At this time, a value of [(V39 
+ V40 + V45 -1^ V46 -i^ V49 -i- V50 -i- V51 + V52) - (V41 + 
V42 + V43 -I- V44 -i- V47 + V48 + V53 V54)l as the land/ 
groove position detecting signal becomes a positive val- 
ue in the case where the focused spot 12 as the main 
beam is positioned on the groove of the disc 7 and be- 
comes a negative value in the case where the focused 
spot 12 is positioned on the land. Therefore, signs of the 
land/groove position detecting signal enable detection 
as to whether the focused spot 12 is positioned on the 
land or the groove in the disc 7. 

[0111] In the optical head apparatus according to the 
fourth embodiment, as shown in Fig. 15. the focused 
spot 92 has the strong Intensity on the left side in the 
radial direction of the disc 7, and the focused spot 93 
has strong intensity on the right side in the radial direc- 
tion of the disc 7. For this reason, when the track 11 is 
tilted with respect to the string of the focused spots 12, 
92 and 93 due to eccentricity of the disc 7 or the like, 
the phase of the sum of the push-pull signals by means 
of the focused spots 92 and 93 changes greatly in the 
cases where the track 11 is tilted in a positive direction 
and in a negative direction. As a result, the amplitude of 
the differential push-pull signals changes greatly. 
[01 12] On the contrary, in the optical head apparatus 
according to the fifth embodiment, as shown in Fig. 17, 
the intensity distribution in the radial direction of the disc 
7 in both the focused spots 99 and 1 00 is symmetrical. 
For this reason, the phase of the sum of the push-pull 
signals by means of the focused spots 99 and 1 00 does 
not change in the cases where the track 11 is tilted in 
the positive direction and in the negative direction with 
respect to the string of the focused spots 1 2, 99 and 1 00 
due to the eccentricity of the disc 7 or the like. As a re- 
sult, the amplitude of the differential push-pull signals 
does not change. 

[Sixth Embodiment of Optical Head Apparatus] 

[01 13] In the optical head apparatus according to the 
sixth embodiment of the present invention, the diffrac- 



tive element 3 shown in Fig. 2 of the optical head appa- 
ratus according to the first embodiment is replaced by 
a diflraclive element 101 shown in Fig. 18. 
[01 14] Fig. 1 8 is a plan view of the diffractive element 

5 101 is constituted so that diffraction gratings are formed 
in a region including the effective diameter of the objec- 
tive lens 6 shown by a dotted line in the drawing, and 
the region is divided into six regions 102 to 107 by a 
straight line which passes through the optical axis of the 

10 incident beam and is parallel with the tangential direc- 
tion of the disc 7 and two straight lines parallel with the 
radial direction of the disc 7. 

[0115] Inside the effective diameter of the objective 
lens 6, the area occupied by the regions 102 and 1 03 is 

'5 larger than an area occupied by the regions 1 04 to 1 07 . 
Directions of the diffraction gratings are parallel with the 
radial direction of the disc 7 in all the regions 102 to 107, 
and the pattern of the gratings are linear with equal 
pitches in all regions 102 to 107. Phases of the gratings 

20 in the regions 1 02, 1 05 and 1 07 and phases of the grat- 
ings in the regions 103, 104 and 106 are shifted by 7t/2 
to each other. When a phase difference between the line 
portions and the space portions of the gratings is, for 
example, 0.2327c, an incident beam is transmitted about 

25 87.3 % as a 0th order beam and is diffracted about 5.1 
% as ±1 st order beams. When the + 1 st order beam and 
the -1st order beam are 3 beam diffracted up and a 
beam diffracted down in Fig. 18, the phases of the +1st 
order beams diffracted from the regions 102, 105 and 

30 107 are advanced by n/2 from the phases of the -i-lst 
order beams diffracted from the regions 103, 104 and 
106, and the phases of the -1st order beams diffracted 
from the regions 102. 105 and 107 are delayed by n/2 
from the phases of the -1st order beams diffracted from 

35 the regions 103, 104 and 106. 

[0116] Fig. 19 shows an arrangement of focused 
spots on the disc 7. Spots 12. 108 and 109 correspond 
to a 0th order beam, a 4-1 st order beam and a -1st order 
beam diffracted by the diffractive element 101 respec- 

40 tively, and they are positioned on the same track 11 
(groove or land). The focused spot 1 08 has one peak in 
which the intensity is strong on the central of the tan- 
gential direction and on the left side of the radial direc- 
tion of the disc 7 and two peaks in which the intensity is 

45 strong on the forward side and the backward side of the 
tangential direction and on the right side of the radial 
direction of the disc 7. The focused spot 1 09 has one 
peak in which the intensity is strong on the central of the 
tangential direction and on the right side of the radial 

50 direction of the disc 7 and two peaks in which the inten- 
sity is strong on the forward side and the backward side 
of the tangential direction and on the left side of the ra- 
dial direction of the disc 7. 

[0117] A wavefonn of [(V23 4- V24 4- V25 4- V26 4- V31 
55 + V32 + V33 4- V34) - (V27 + V28 4- V29 4- V30 4- V35 4- 
V36 4- \/37 4- V38)] as a push-pull signal by means of 
the focused spot 12 as the main beam is represented 
by the solid line in Fig. 11 A. Here, push-pull signals by 
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means of the +1st order beams diflracted from the re- 
gions 1 02 and 1 03 of the diff ractive element 101 and the 
+1st order beams diffracted Irom the regions 104 and 
105 and the +1st order beams diffracted from the re- 
gions 106 and 107 are called a centra! push-pull signal, 
a forward-side push-pull signal and a backward-side 
push-pull signal by means of the focused spot 108 re- 
spectively, and push-pull signals by means of the -1st 
order beams diffracted from the regions 1 02 and 1 03 of 
the diffractive element 101 and the -1st order beams dif- 
fracted from the regions 1 04 and 1 05 and the -1 st order 
beams diffracted from the regions 106 and 107 are 
called a central push-pull signal, a forward-side push- 
pull signal and a backward-side push-pull signal by 
means of the focused spot 109 respectively. 
[01 1 8] At this time, waveforms of the central push-pull 
signal by means of the focused spot 108, and the for- 
ward-side push-pull signal and the backward-side push- 
pull signal by means of the focused spot 1 09 as the sub 
beam are represented by the solid line in Fig. 11B. 
Waveforms of the forward-side push-pull signal and the 
backward-side push-pull signal by means of the focused 
spot 1 08 as the sub beam and the central push-pull sig- 
nal by means of the focused spot 109 are represented 
by the solid line in Fig. 11 C. Therefore, the waveform of 
the difference between the push-pull signal by means 
of the focused spot 12 as the main beam and the sum 
of the central, f onward-side and backward-side push- 
pull signals by means of the focused spots 1 08 and 1 09 
as the sub beams, namely. [(V23 + V24 -i- V25 + V26 + 
V31 -I- V32 -I- V33 -I- V34) - (V27 + V28 -h V29 -i- V30 4- 
V35 -I- V36 -I- V37 + V38)] - K[(V39 + V40 + V43 -i- V44 
+ V47 + V48 + V51 + V52) - (V41 + V42 + V45 -i- V46 + 
V49 + V50 -I- V53 + V54)] (K is constant) as a tracking 
error signal according to the differential push-pull meth- 
od is represented by the solid line In Fig, 11 D. 
[01 19] In the case the disc 7 has no radial tilt, a wave- 
form of |(V23 + V24 + V29 + V30 -i- V33 -i- V34 + V35 -i- 
V36) - (V25 -I- V26 + V27 + V28 V31 + V32 -i- V37 + 
V38)] as a radial tilt signal by means of the focused spot 
12 as the main beam is represented by the solid line in 
Fig. 11 E. 

[01 20] Here, the radial tilt signals by means of the +1 st 
order beams diffracted from the regions 1 02 and 1 03 of 
the diffractive element 101 and the -i-lst order beams 
diffracted from the regions 104 and 105 and the +1st 
order beams diffracted from the regions 1 06 and 1 07 
are called a central radial tilt signal, a forward-side radial 
tilt signal and a backward-side radial tilt signal by means 
of the focused spot 108 respectively, and the radial tilt 
signals by means of the -1 st order beams diffracted from 
the regions 102 and 103 of the diffractive element 101 
and the -1 st order beams diffracted from the regions 1 04 
and 105 and the -1st order beams diffracted from the 
regions 1 06 and 1 07 are called a central radial tilt signal, 
a forward-side radial tilt signal and a backward-side ra- 
dial tilt signal by means of the focused spot 1 09 respec- 
tively. 



[01 21 ] At this time, waveforms of the central radial till 
signal by means of the focused spot 108 as the sub 
beam and the forward-side radial till signal and the back- 
ward-side radial tilt signal by means of the focused spot 

5 109 as the sub beam are represented by the solid line 
in Fig. 11 F. Waveforms of the forward-side radial tilt sig- 
nal and the backward-side radial tilt signal by means of 
the focused spot 108 as the sub beam and the central 
radial tilt signal by means of the focused spot 109 are 

10 represented by the solid line in Fig. 11G. For this reason, 
the waveform of the difference between the radial tilt sig- 
nal by means of the focused spot 12 as the main beam 
and the sum of the central, forward-side and backward- 
side radial tilt signals by means of the focused spots 1 08 

15 and 109 as the sub beams, namely, of t(V23 + V24 + 
V29 + V30 + V33 + V34 + V35 + V36) - (V25 + V26 + 
V27 + V28 -I- V31 + V32 + V37 + V38)] - KI(V39 + V42 
+ V44 + V45 -I- V47 + V50 + V52 + V53) - (V40 -i- V41 + 
V43 -I- V46 -I- V48 + V49 -i- V51 -i- V54)] (K is constant) 

20 as a final radial tilt signal is represented by the solid line 
in Fig. 11H. 

[0122] In the case the disc 7 has a positive radial tilt, 
a waveform of [(V23 + V24 + V29 + V30 -f- V33 + V34 + 
V35 + V36) - (V25 + V26 + V27 + V28 -i^ V31 4- V32 + 

25 V37 + V38)] as a radial tilt signal by means of the fo- 
cused spot 12 as the main beam Is represented by the 
solid line in Fig. 111. Waveforms of the central radial tilt 
signal by means of the focused spot 108 as the sub 
beam, and the forward-side radial tilt signal and the 

30 backward-side radial tilt signal by means of the focused 
spot 109 are represented by the solid line In Fig. 11J. 
Waveforms of the forward-side radial tilt signal and the 
backward-side radial tilt signal by means of the focused 
spot 1 08 as the sub beam and a waveform of the central 

35 radial tilt signal by means of the focused spot 109 are 
represented by the solid line in Fig. 11K. Therefore, the 
difference between the radial tilt signal by means of the 
focused spot 12 as the main beam and the sum of the 
central, forward-side and backward-side radial tilt sig- 

40 nals by means of the focused spots 1 08 and 109 as the 
sub beams, namely, a waveform of [(V23 + V24 + V29 
+ V30 + V33 -I- V34 + V35 + V36) - (V25 + V26 + V27 + 
V28 + V31 + V32 + V37 -i- V38)] - K [(V39 -i- V42 -i- V44 
+ V45 -I- V47 + V50 + V52 -i- V53) - (V40 + V41 + V43 + 

45 V46 -I- V48 + V49 + V51 -i- V54)] {K is constant) as a final 
radial tilt signal is represented by the solid line in Fig. 
11 L. 

[01 23] In the case the disc 7 has a negative radial tilt, 
a wavefonn of [(V23 -h V24 + V29 -i- V30 + V33 -i- V34 + 
50 V35 -I- V36) - (V25 -»- V26 + V27 -i- V28 + V31 + V32 + 
V37 + V38)] as the radial tilt signal by means of the fo- 
cused spot 12 as the main beam is represented by the 
solid line in Fig. 11 M. 

[0124] Waveforms of the central radial tilt signal by 
55 means of the focused spot 108 as the sub beam, and 
the forward-side radial tilt signal and the backward-side 
radial tilt signal by means of the focused spot 1 09 are 
represented by the solid line in Fig. 11N. Waveforms of 
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Ihe (orward-side radial till signal and the backward-side 
radial tilt signal by means of the focused spot 1 08 as the 
sub beam and the central radial tilt signal by means of 
the focused spot 109 are represented by the solid line 
in Fig. 11 0. Therefore, the waveform of difference be- 
tween the radial tilt signal by means of the focused spot 
12 as the main beam and the sum of the central, for- 
ward-side and backward-side radial tilt signals by 
means of the focused spots 108 and 109 as the sub 
beam, namely, a waveform of [{V23 -i- V24 + V29 -i^ V30 
+ V33 + V34 + V35 + V36) - (V25 + V26 + V27 + V28 + 
V31 V32 + V37 + V38)] K [(V39 + V42 + V44 + V45 
+ V47 -1^ V50 + V52 + V53) - (V40 + V41 + V43 + V46 + 
V48 -f- \/49 + V51 + V54)] (K is constant) as a final radial 
tilt signal is represented by the solid line in Fig. IIP. 
[0125] Various waveforms relating to the tracking er- 
ror signals and the radial tilt signals when the objective 
lens 6 is shifted in the radial direction of the disc 7 can 
be also described similarly with reference to Fig. 11. 
Namely, even when the objective lens 6 is shifted in the 
radial direction of the disc 7, no offset is generated in 
the radial tilt signal, and the radial tilt of the disc 7 can 
be detected correctly. 

[0126] In the optical head apparatus according to the 
sixth embodiment, the focused spot 12 as the main 
beam and the focused spots 108 and 109 as the sub 
beams are arranged on the same track 1 1 of the disc 7. 
Therefore, as for a disc with different track pitches, the 
arrangement of the focused spots 12, 108 and 109 is 
not changed, and the radial tilt of a disc with arbitrary 
track pitch can be detected correctly. 
[0127] In addition, similarly to the optical head appa- 
ratus according to the second embodiment, detection 
can be made as to whether the focused spot 1 2 is po- 
sitioned on the land and the groove in the disc 7. 
[0128] In the optical head apparatus according to the 
fourth embodiment, as shown in Fig. 15, the focused 
spot 92 has the strong intensity on the left side in the 
radial direction of the disc 7, and the focused spot 93 
has strong intensity on the right side in the radial direc- 
tion of the disc 7. For this reason, when the track 11 is 
tilted with respect to the string of the focused spots 12, 
92 and 93 due to eccentricity of the disc 7 or the like, 
the phase of the sum of the push-pull signals by means 
of the focused spots 92 and 93 changes greatly In the 
cases where the track 11 is tilted in a positive direction 
and in a negative direction. As a result, the amplitude of 
the differential push-pull signal changes greatly. 
[0129] On the contrary, in the optrcal head apparatus 
. according to the sixth embodiment, as shown in Fig.. 1 9, 
on the focused spot 1 08, the intensity is strong on the 
left side of the radial direction at the central of the tan- 
gential direction of the disc 7 and on the right side of the 
radial direction on the forward and backward sides of 
the tangential direction of the disc 7. On the focused spot 
1 09, the intensity is strong on the right side of the radial 
direction at the central of the tangential direction of the 
disc 7, and on the left side of the radial direction on the 



forward and backward sides of Ihe langential direction 
of the disc 7. For this reason, the phase of the sum of 
the push-pull signals by means of the focused spots 1 08 
and 109 does not change in Ihe cases where the track 
5 11 is tilled in the positive direction and in the negative 
direction with respect to the string of the focused spots 
12, 108 and 109 due to the eccentricity of the disc 7 or 
the like. As a result, the amplitude of the differential 
push-pull signal does not change greatly. 

10 

[Seventh Embodiment of Optical Head Apparatus) 

[0130] Fig. 20 shows the optical head apparatus ac- 
cording to the seventh embodiment of the present in- 

'5 vention. A beam emitted from the semiconductor laser 
1 is converted into a parallel beam by the collimating 
lens 2, and Is divided into three beams: a 0th order beam 
as a main beam; and ±1 st order beams diffracted as sub 
beams by the diffractive element 3. These beams enter 

20 the polarizing beam splitter 4 as P polarized beams and 
are reflected about 1 00% thereby. Thereafter, they are 
transmitted through the quarter wave plate 5 so as to be 
converted from linear polarized beams into circular po- 
larized beams, and are focused on the disc 7 by the ob- 

25 jective lens 6. The three beams reflected from the disc 
7 are transmitted through the objective tens 6 in the op- 
posite directions, and are transmitted through the quar- 
ter wave plate 5 so as to be converted from the circular 
polarized beams into linear polarized beams whose po- 

30 larizing direction intersects perpendicularty to that in the 
forward path. Further, the linear polarized beams enter 
the polarizing beam splitter 4 as S polarized beams and 
are reflected approximately 100% thereby, and are 
transmitted through a cylindrical lens 110 and the lens 

35 9 so as to be received by a photo detector 111. The photo 
detector 111 is provided in the middle of the focal lines 
of the cylindrical lens 110 and the lens 9. 
[01 31 ] The plan view of the diff ractive element 3 in the 
optical head apparatus according to the seventh em- 

40 bodiment is the same as the plan view of the diffractive 
element 3 in the optical head apparatus according to the 
first embodiment shown in Fig. 2. Moreover, the ar- 
rangement of focused spots on the disc 7 in the optical 
head apparatus according to the seventh embodiment 

45 is the same as the arrangement of the focused spots on 
the disc 7 in the optical head apparatus according to the 
first embodiment shown in Fig. 3. 

[0132] Fig. 21 shows a pattern of detection portions 
of the photo detector 111 and an arrangement of focused 

50 spots on the photo detector 1 1 1 . A focused spot 1 36 cor- 
responds to a 0th order beam from the diffractive ele- 
ment 3, and is received by detection portions 1 1 2 to 1 23 
which are divided into 12 by five dividing lines passing 
through the optical axis and parallel with the tangential 

55 direction of the disc 7 and one dividing line parallel with 
the radial direction. 

[0133] A focused spot 137 corresponds to a +1st or- 
der beam diffracted by the diffractive element 3, and is 
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received by detection portions 124 lo 129 which are di- 
vided into six by five dividing lines parallel with the tan- 
gential direction of the disc 7. A focused spot 138 cor- 
responds to a -1st order beam, and is received by de- 
tection portions 1 30 to 135 which are divided into six by 
five dividing lines parallel with the tangential direction of 
the disc 7. 

[0134] As shown in Fig. 3, the string of the focused 
spots 1 2 to 1 4 on the disc 7 is in the tangential direction, 
but the string of the focused spots 136 to 138 on the 
photo detector 111 is in the radial direction due to the 
function of the cylindrical lens 110 and the lens 9. 
[01 35] When outputs from the detection portions 1 1 2 
to 135 of the photo detector 111 shown in Fig. 21 are 
represented by V1 12 to VI 35 respectively, a focusing 
error signal is obtained by calculation of ((V112 + V1 13 
-I- V114 -t- V121 -f VI 22 -h VI 23) - (V116 + V116 4- V117 
-»- V1 18 + V1 19 + V120)] according to the astigmatic 
method. 

[0136] A tracking error signal is obtained by calcula- 
tion of [(V112 -^ V113 -I- V114 -I- V118 -i- V119 -h V120) - 
{V115-I-V116-I-V117-J- V121 +V122+ V123)]-K[(V124 
-I- V125 + V126 + V130 + V131 -i- V132) - (V127 -i- V128 
+ V1 29 -I- V1 33 + V1 34 + VI 35)] (K is constant) accord- 
ing to the differential push-pull method. 
[0137] A radial tilt signal for detecting a radial tilt of 
the disc 7 is obtained by calculation of [(VII 2 V114 -i- 
V116 -I- V118 -I- V120 + V122) - (V113 -i- V115 + V117 4- 
V119 -I- V121 -I- V123)] - K[(V124 4- VI 26 4- V1 28 4- VI 30 
+ VI 32 4- VI 34) - (VI 25 4- V1 27 4- VI 29 4- VI 31 4- VI 33 
4- VI 35)1 (K is constant). 

[0138] In addition, a playback signal by means of the 
focused spot 1 2 as the main beam is obtained by cal- 
culation of [V112 4- V113 4- V114 4- V115 4- V116 4- V117 
4- V118 4- V119 4- V120 4- V121 4- V122 4- V123]. 
[0139] Various waveforms relating to tracking error 
signals and radial titt signals in the optical head appa- 
ratus according to the seventh embodiment are the 
same as the various waveforms relating to the tracking 
error signals and the radial tilt signals in the optical head 
apparatus according to the first embodiment shown in 
Fig. 6. Namely, even if the objective lens 6 is shifted in 
the radial direction of the disc 7, no offset is generated 
in the radial tilt signal, and the radial tilt of the disc 7 can 
be detected correctly. 

[Eighth Embodiment of Optical Head Apparatus) 

[0140] Fig. 22 shows the optical head apparatus ac- 
cording to the eighth embodiment of the present inven- 
tion. A semiconductor laser 140 and a photo detector 
141 are installed in a module 139. Here, an optical path 
from the semiconductor laser 140 to the disc 7 is a for- 
ward path, and an optical path from the disc 7 to the 
photo detector 141 is a return path. 
[0141] A beam emitted from a semiconductor laser 
140 is converted into a parallel beam by the collimating 
lens 2 and enters a polarizing diffractive element 142 as 



an extraordinary beam so as to be divided into three 
beams: a Olh order beam as a main beam; and ±1st or- 
der beams as sub beams. These beams enter the po- 
larizing holographic element 1 43 as ordinary beams and 

5 are transmitted about 100% therethrough. Thereafter, 
they are transmitted through the quarter wave plate 5 
so as to be converted from linear polarized beams into 
circular polarized beams, and are focused on the disc 7 
by the objective lens 6. The three beams reflected from 

10 the disc 7 are transmitted through the objective lens 6 
in the opposite direction, and are transmitted through 
the quarter wave plate 5 so as to be converted from the 
circular polarized beams into linear polarized beams 
whose polarizing direction intersects perpendicularly to 

J5 that in the forward path. Further, the linear polarized 
beams enter the polarizing holographic element 143 as 
extraordinary beams and are diffracted about 100% 
thereby as 4-1 st order beams diffracted, and enter the 
polarizing diffractive element 142 as ordinary beams so 

20 as to be diffracted about 1 00% thereby. Thereafter, the 
beams are transmitted through the collimating lens 2 
and are received by a photo detector 141 . 
[0142] The plan view of the polarizing diffractive ele- 
ment 1 42 in the optical head apparatus according to the 

25 eighth embodiment is the same as the plan view of the 
diffractive element 3 in the optical head apparatus ac- 
cording to the first embodiment shown in Fig. 2. The po- 
larizing diffractive element 142 is constituted so that 
two-layered gratings which are composed of a proton 

30 exchange region and a dielectric film are formed on a 
lithium niobale substrate having birefringence, for ex- 
ample. The depth of the proton exchange region and 
thickness of the dielectric film are designed suitably so 
the phase difference between a line area and a space 

35 area of the gratings can be defined independently for 
ordinary beam and extraordinary beam. When the 
phase difference between the line area and the space 
area of the extraordinary beam on the forward path is 
0.2327C, the incident beam is transmitted about 87.3% 

^0 as a 0th order beam and is diffracted about 5.1 % as ±1 st 
order beams. Meanwhile, when the phase difference 
between the line area and the space area of the gratings 
of the ordinary beam on the return path is zero, the in- 
cident beam is transmined approximately 100 %. 

-^5 [01 43] The arrangement of focused spots on the disc 
7 in the optical head apparatus according to the eighth 
embodiment is the same as the arrangement of the fo- 
cused spots on the disc 7 in the optical head apparatus 
according to the first embodiment shown in Fig. 3. 

50 [01 44] The plan view of the polarizing holographic el- 
ement 143 in the optical head apparatus according to 
the eighth embodiment is the same as the plan view of 
the holographic element 8 In the optical head apparatus 
according to the first embodiment shown in Fig. 4. 

55 [01 45] The polarizing holographic element 1 43 is con- 
stituted so that two-layered gratings which are com- 
posed of a proton exchange region and a dielectric film 
are fomned on a lithium niobate substrate having bire- 
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fringence. for example. Further, the sectional shape of 
the gratings is a two-layered saw tooth shape in all the 
regions 1 5 to 22, and the depth of the proton exchange 
region and a thickness of the dielectric film are designed 
suitably so that a phase difference between the top area 
and the bottom area of the saw teeth can be defined 
independently for ordinary beam and extraordinary 
beam. When the phase difference between the top area 
and the bottom area of the saw teeth is zero for the or- 
dinary beam on the forward path, incident beams to the 
respective regions are transmitted approximately 1 00%. 
Meanwhile, when the phase difference between the top 
area and the bottom area of the saw teeth is 2n for ex- 
traordinary beam on the return path, incident beams to 
the respective areas are diffracted approximately 100% 
as -fist order beams. 

[0146] Fig. 23 shows a pattern of detection portions 
of the photo detector 141 and the arrangement of fo- 
cused spots on the photo detector 141. The semicon- 
ductor laser 140 and a mirror 144 are provided on the 
photo detector 141 . A beam emitted from the semicon- 
ductor laser 140 is reflected by the mirror 144 and goes 
to the disc 7. A focused spot 177 corresponds to a +1st 
order beam diffracted by the region 15 of the polarizing 
holographic element 1 43 of the 0th order beam from the 
polarizing diffractive element 142, and is focused on a 
boundary line between detection portions 145 and 146 
divided as two sections by a dividing line parallel with 
the radial direction of the disc 7. A focused spot 1 78 cor- 
responds to a +1st order beam diffracted by the region 
1 6 of the polarizing holographic element 1 43 of 0th order 
beam from the polarizing diffractive element 142. and is 
focused on a boundary line between detection portions 
147 and 148 divided as two regions by a dividing line 
parallel with the radial direction of the disc 7. A focused 
spot 179 corresponds to a -fist order beam diffracted 
by the region 17 of the polarizing holographic element 
143 of the 0th order beam from the polarizing diffractive 
element 142, and Is focused on a boundary line between 
detection portions 149 and 150 divided as two regions 
by a dividing line parallel with the radial direction of the 
disc 7. A focused spot 180 corresponds to a -»-1st order 
beam diffracted by the region 18 of the polarizing holo- 
graphic element 143 of the 0th order beam from the po- 
larizing diffractive element 142, and is focused on a 
boundary line between detection portions 151 and 152 
divided as two regions by a dividing line parallel with the 
radial direction of the disc 7. 

[0147] A focused spot 1 81 corresponds to a +1 st or- 
der beam diffracted by the region 20 of the polarizing 
holographic element 1 43 of the 0th order beam from the 
polarizing diffractive element 142, and is focused on a 
boundary line between detection portions 153 and 154 
divided as two regions by a dividing line parallel with the 
radial direction of the disc 7. A focused spot 182 corre- 
sponds to a 4-1 st order beam diffracted by the region 1 9 
* of the polarizing holographic element 1 43 of the 0th or- 
der beam from the polarizing diffractive element 142, 



and is focused on a boundary line between detection 
portions 155 and 156 divided as two regions by a divid- 
ing line parallel with the radial direction of the disc 7. A 
focused spot 1 83 corresponds to a + 1 st order beam dif • 
5 Iracted by the region 22 of the polarizing holographic 
element 143 of the 0th order beam from the polarizing 
diffractive element 142, and is focused on a boundary 
line between detection portions 157 and 158 divided as 
two regions by a dividing line parallel with the radial di- 
w rection of the disc 7. A focused spot 1 84 corresponds to 
a +lst order beam diffracted by the region 21 of the po- 
larizing holographic element 143 of the 0th order beam 
from the polarizing diffractive element 142, and is fo- 
cused on a boundary line between detection portions 
»5 159 and 160 divided as two regions by a dividing line 
parallel with the radial direction of the disc 7. 
[0148] In addition, a focused spot 1 85 corresponds to 
a +1st order beam diffracted by the region 15 of the po- 
larizing holographic element 143 in the +1st order beam 
20 diffracted from the polarizing diffractive element 142, 
and is focused on a single beam receiving area 161 . A 
focused spot 1 86 corresponds to a +1 st order beam dif- 
fracted by the region 16 of the polarizing holographic 
element 143 in the +1st order beam diffracted from the 
25 polarizing diffractive element 142, and is focused on a 
single beam receiving area 1 62. A focused spot 1 87 cor- 
responds to a +1st order beam diffracted by the region 
17 of the polarizing holographic element 143 in the 4-1st 
order beam diffracted from the polarizing diffractive el- 
30 ement 142, and is focused on a single beam receiving 
area 163. A focused spot 188 corresponds to a 4-1 st or- 
der beam diffracted by the region 1 8 of the polarizing 
holographic element 1 43 in the +1 st order beam diffract- 
ed from the polarizing diffractive element 1 42, and is fo- 
35 cused on a single beam receiving area 1 64. A focused 
spot 1 89 corresponds to a +1 st order beam diffracted 
by the region 20 of the polarizing holographic element 
1 43 in the +1 st order beam diffracted from the polarizing 
diffractive element 142, and is focused on a single beam 
40 receiving area 1 65. 

[0149] A focused spot 190 corresponds to a 4-1 st or- 
der beam diffracted by the region 1 9 of the polarizing 
holographic element 1 43 in the 4-1 st order beam diffract- 
ed from the polarizing diffractive element 142, and is fo- 
45 cused on a single beam receiving area 166. A focused 
spot 191 corresponds to a 4-1 st order beam diffracted 
by the region 22 of the polarizing holographic element 
1 43 in the 4-1 st order beam diffracted from the polarizing 
diffractive element 142, and is focused on a single beam 
50 receiving area 1 67. A focused spot 1 92 corresponds to 
a 4-1 st order beam diffracted by the region 21 of the po- 
larizing holographic element 143 in the 4-1 st order beam 
diffracted from the polarizing diffractive element 142, 
and is focused on a single beam receiving area 168. 
55 [01 50] In addition, a focused spot 1 93 corresponds to 
a 4-1 st order beam diffracted by the region 15 of the po- 
larizing holographic element 143 in -1st order beam dif- 
fracted from the polarizing diffractive element 142. and 
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is focused on a single beam receiving area 169 A lo- 
cused spot 194 corresponds lo a +1st order beam dif- 
fracted by the region 16 of the polarizing holographic 
element 143 in the -1st order beam diffracted from the 
polarizing diffractive element 142, and is focused on a 5 
single beam receiving area 1 70. A focused spot 1 95 cor- 
responds to a -I- 1st order beam diffracted by the region 
17 of the polarizing holographic element 143 in the -1st 
order beam diffracted from the polarizing diffractive el- 
ement 142, and is focused on a single beam receiving 
area 1 71 . A focused spot 196 corresponds to a -fist or- 
der beam diffracted by the region 18 of the polarizing 
holographic element 143 in the -1st order beam diffract- 
ed from the polarizing diffractive element 142. and is fo- 
cused on a single beam receiving area 172. 
[0151] A focused spot 197 corresponds to a -i-lst or- 
der beam diffracted by the region 20 of the polarizing 
holographic element 143 in the -1st order beam diffract- 
ed from the polarizing diffractive element 142, and is fo- 
cused on a single beam receiving area 1 73. A focused 
spot 198 corresponds to a -^1st order beam diffracted 
by the region 19 of the polarizing holographic element 
143 in the -1 st order beam diffracted from the polarizing 
diffractive element 1 42, and is focused on a single beam 
receiving area 1 74. A focused spot 199 corresponds to 
a +1 St order beam diffracted by the region 22 of the po- 
larizing holographic element 143 in the -1st order beam 
diffracted from the polarizing diffractive element 142, 
and is focused on a single beam receiving area 1 75. A 
focused spot 200 corresponds to a -i-lst order beam dif- 
fracted by the region 21 of the polarizing holographic 
element 143 in the -1st order beam diffracted from the 
polarizing diffractive element 142, and is focused on a 
single beam receiving area 176. 
[01 52] When outputs from the detection portions 1 45 
to 1 76 are represented by VI 45 to VI 76 respectively, a 
focusing error signal is obtained by calculation of [(V1 45 
+ V147 4- V149 -I- V151 4- V154 + V156 -i- V158 V160) 
- (V146 + V148 -I- V150 + V152 -i- V153 -i- V155 + V157 
+ VI 59)1 according to the Foucault method. 
[0153] A tracking error signal is obtained by calcula- 
tion of [(VI 45 + VI 46 V147 + VI 48 + V1 53 + V1 54 + 
V155+ V156) - (V149 + V150-I- V151 + V152 + V157 -i- 
V158 -I- V159 -I- VI 60)] - K[(V1 61 + VI 62 VI 65 + VI 66 
-I- VI 69 + VI 70 -h VI 73 + VI 74) - (VI 63 + VI 64 + VI 67 
+ VI 68 + VI 71 -I- VI 72 -I- VI 75 -i- VI 76)] (K is constant) 
according to the differential push-pull method. 
[0154] A radial tilt signal for detecting a radial tilt of 
the disc 7 is obtained by calculation of [(VI 45 -i- VI 46 -i- 
V151 -^ V152 + V155-I- V156 + V157-I. V158)- (V147 + 
V148 + V149 -K VI 50 -I- VI 53 + VI 54 + VI 59 + VI 60)1 - 
K[(V1 61 -I- V1 64 + V1 66 + VI 67 -h V1 69 -i- VI 72 + VI 74 
-I- VI 75) - (V162 -I- VI 63 + VI 65 VI 68 -i- VI 70 + VI 71 
+ V173 + V176)] (K is constant). 

[0155] In addition, a playback signal by means of the 
focused spot 12 as the main beam is obtained by cal- 
culation of [V1 45 VI 46 + V1 47 + VI 48 -h V1 49 -I- V1 50 
+ V151 + V152 + V153 -I- V154 -i- V155 -i- V156 -i- V157 



+ V158 + V159 4- V160) 

[0156] Various wavefonns relating to tracking erroi 
signals and radial tilt signals in the optical head appa- 
ratus according lo the eighth embodiment are the same 
as the various waveforms relating lo the tracking error 
signals and the radial till signals in the optical head ap> 
paratus according to the first embodiment shown in Fig. 
6. Namely, even if the objective lens 6 is shifted in the 
radial direction of the disc 7, no offset is generated in 
the radial tilt signal, and the radial tilt of the disc 7 can 
be detected correctly. 

[Ninth Embodiment of Optical Head Apparatus] 

[0157] Fig. 24 shows the optical head apparatus ac- 
cording to a ninth embodiment of the present invention. 
The semiconductor laser 140 and a photo detector 201 
are provided in the module 139. 

[0158] A beam emitted from a semiconductor laser 
140 is converted into a parallel beam by the collimating 
lens 2 and enters the polarizing diffractive element 142 
as an extraordinary beam so as to be divided into three 
beams: a 0th order beam as a main beam; and ±1 st or- 
der beams diffracted as sub beams. These beams enter 
a polarizing holographic element 202 as ordinary beams 
and are transmitted approximately 100% therethrough. 
Thereafter, they are transmitted through the quarter 
wave plate 5 so as to be converted from linear polarized 
beams into circular polarized beams, and are focused 
on the disc 7 by the objective lens 6. 
[0159] The three beams reflected from disc 7 are 
transmitted through the objective lens 6 in the opposite 
direction, and are transmitted through the quarter wave 
plate 5 so as to be converted from the circular polarized 
beams into linear polarized beams whose polarizing di- 
rection intersects perpendicularly to that in the forward 
path. Further, the linear polarized beams enter the po- 
larizing holographic element 202 as extraordinary 
beams and are mostly diffracted thereby as +1st order 
beanns. and enter the polarizing diffractive element 142 
as ordinary beams so as to be transmitted approximate- 
ly 1 00% therethrough. Thereafter, the beams are trans- 
mitted through the collimating lens 2 and are received 
by the photo detector 201 . The photo detector 201 is 
provided in the middle of two focal lines of the polarizing 
holographic element 202 and the collimating lens 2. 
[0160] The plan view of the polarizing diffractive ele- 
ment 142 in the optical head apparatus according to the 
ninth embodiment of the present Invention is the same 
as the plan view of the diffractive element 3 in the optical 
head apparatus according to the first embodiment of the 
present invention shown in Fig. 2. The polarizing diffrac- 
tive element 142 is constituted so that two-layered grat- 
ings which are composed of a proton exchange region 
and a dielectric film are formed on a lithium niobate sub- 
strate having birefringence, for example. The depth of 
the proton exchange region and thickness of the dielec- 
tric film are designed suitably so the phase difference 
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between a top area and a botlom area ol the gratings 
can be defined independently for ordinary beam and ex- 
traordinary beam. 

[01611 When the phase ditlerence between the line 
area and the space area o( the extraordinary beam on 
the forward path is 0.232 n. the Incident beam is trans- 
mitted about 87.3% as a Olh order beam and is diflracled 
about 5.1% as±1st order beams, ly/leanwhile, when the 
phase difference between the line area and the space 
area ol the gratings of the ordinary beam on the return 
path is zero, the incident beam is transmitted approxi- 
mately 100%. 

[0162] The arrangement of focused spots on the disc 
7 in the optical head apparatus according to the ninth 
embodiment is the same as the arrangement ol the fo- 
cused spots on the disc 7 in the optical head apparatus 
according to the first embodiment shown in Fig. 3. 
[0163] Fig. 25 is a plan view of the polarizing holo- 
graphic element 202. The polarizing holographic ele- 
ment 202 works as a cylindrical lens for the ±1st order 
beams, and generatrices on the +1st order beam and 
generatrices on the -1st order beam form an angle of 
-♦.45** and an angle of -45** with respect to the radial di- 
rection of the disc 7.The direction of the gratings in the 
polarizing holographic element 202 is approximately 
parallel with the tangential direction of the disc 7, but the 
pattern of the gratings is a hyperbola in which the tan- 
gential direction and the radial direction of the disc 7 are 
asymptotes. The polarizing holographic element 202 is 
constituted so that the two-layered gratings which are 
composed of the proton exchange area and the dielec- 
tric film are formed on the lithium niobate substrate hav- 
ing birefringence, for example. The depth of the proton 
exchange region and thickness of the dielectric film are 
designed suitably so that a phase difference between 
the line area and space area of the gratings can be de- 
fined independently for ordinary beam and extraordi- 
nary beam. When the phase difference between the line 
area and the space area of the gratings is zero for the 
ordinary beam on the forward path, incident beams are 
transmitted approximately 100%. Meanwhile, when the 
phase difference between the line area and the space 
area of the gratings is n lor ordinary beam on the return 
path, incident beams are diffracted approximately 
40.5% as ±1st order beams. 

[0164] Fig. 26 shows a pattern of detection portions 
of the photo detector 201 and the arrangement of fo- 
cused spots on the photo detector 201 . The semicon- 
ductor laser 140 and a mirror 144 are provided on the 
photo detector 201 . A beam emitted from the semicon- 
ductor laser 140 is reflected by the mirror 144 and goes 
to the disc 7. 

[0165] A focused spot 251 corresponds to a +1st or- 
der beam diffracted by the polarizing holographic ele- 
ment 202 in 0th order beam from the polarizing diffrac- 
tive element 142. and is received by detection portions 
203 to 21 4 which are divided into twelve by five dividing 
lines passing through the optical axis and parallel with 



the tangential direction of the disc 7 and a dividing line 
parallel with the radial direction. 

[01 66] A focused spot 252 corresponds to a - 1 st order 
beam diffracted by the polarizing holographic element • 

5 202 in 0th order beam from the polarizing diftractive el- 
ement 142, and is received by detection portions 215 to 
226 which are divided into twelve by live dividing lines 
passing through the optical axis and parallel with the 
tangential direction of the disc 7 and a dividing line par- 

10 aliel with the radial direction. 

[0167] A focused spot 253 corresponds to a +1st or- 
der beam diffracted by the polarizing holographic ele- 
ment 202 in the +1 si order beam diffracted from the po- 
larizing diffractive element 142, and is received by de- 

'5 tection portions 227 to 232 which are divided into six by 
five dividing lines parallel with the tangential direction of 
the disc 7. A focused spot 254 corresponds to a -1st 
order beam diffracted by the polarizing holographic el- 
ement 202 in the 4-1 st order beam diffracted from the 

20 polarizing diffractive element 1 42, and is received by de- 
tection portions 233 to 238 which are divided into six by 
five dividing lines parallel with the tangential direction of 
the disc 7. 

[0168] A focused spot 255 corresponds to a +^1sl or- 
25 cJer beam diffracted by the polarizing holographic ele- 
ment 202 in the -1 st order beam diffracted from the po- 
larizing diffractive element 142. and is received by de- 
tection portions 239 to 244 which are divided into six by 
five dividing lines parallel with the tangential direction of 
30 the disc 7. A focused spot 256 corresponds to a -1st 
order beam diffracted by the polarizing holographic el- 
ement 202 in the -1 st order beam diffracted from the po- 
larizing diffractive element 142, and is received by de- 
tection portions 245 to 250 which are divided into six by 
35 five dividing lines parallel with the tangential direction of 
the disc 7. 

[0169] A string of the focused spots 12 to 14 on the 
disc 7 is in the tangential direction, but the string of the 
focused spots 251 , 253 and 255 and the focused spots 

40 252. 254 and 256 on the photo detector 201 is in the 
radial direction due to the function of the polarizing ho- 
lographic element 202 and the collimating lens 2. More- 
over, since two generatices in the ±1st order beams of 
the polarizing holographic element 202 intersect per- 

45 pendiculariy to each other, the intensity distributions on 
the up and down sides and on the right and left sides in 
the focused spots 251. 253 and 255 and the focused 
spots 252, 254 and 256 are opposite to each other re- 
spectively. 

50 [01 70] When outputs from the detection portions 203 
to 250 are represented by V203 to V250 respectively, a 
focusing error signal is obtained by calculation of [(V203 
+ V204 -I- V205 + V212 -i- V213 + V214 -i- V218 + V219 
+ V220 + V221 + V222 + V223) - (V206 + V207 -i- V208 

55 +V209 + V210 + V211 + V215 + V216-I-V217-I. V224 
+ V225 -I- V226)] according to the astigmatic method. 
[0171] A tracking error signal is obtained by calcula- 
tion of [(V203 + V204 + V205 -i- V209 + V210 + V211 -i- 



23 



BNSDOCID: <EP 1 1 48481 A2J_> 



45 



EP 1 148 481 A2 



46 



V21 8 V21 9 + V220 4 V224 4- V225 + V226) - (V206 4- 
V207 4- V208 + V212 4 V213 + V214 4- V215 4- V216 + 
V21 7 4- V221 + V222 4- V223)) - K|(V227 4- V228 4- V229 
+ V236 4- V237 4- V238 4- V239 4- V240 4- V241 + V248 
4- V249 4- V250) - (V230 4- V231 4- V232 + V233 + V234 
4- V235 + V242 + V243 + V244 4- V245 4- V246 4- V247)) 
(K is constant) according to the diflerential push-pull 
method. 

[0172] A radial tilt signal for detecting a radial tilt of 
the disc 7 is obtained by calculation of 1(V203 4- V205 + 
V207 4- V209 + V211 4- V213 + V216 + V218 4- V220 4- 
V222 4- V224 4- V226) - (V204 4- V206 4- V208 4- V210 + 
V212 4- V214 4- 215 + V217 + V219 + V221 + V223 + 
V225)l - K((V227 4- V229 4- V231 4- V234 + V236 + V 238 
+ V239 4- V241 4- V243 4- V246 4- V248 + V250) - (V228 
4- V230 4- V232 4- V233 + V235 + V237 + V240 4- V242 
4- V244 4- V245 4- V247 4- V249)] (K is constant). 
[0173] In addition, a playback signal by means of the 
focused spot 12 as the main beam is obtained by cal- 
culation of [V203 4- V204 4- V205 4- V206 4- V207 4- V208 
4- V209 4- V210 4- V211 4- V212 + V213 + V214 4- V215 
4- V216 + V217 4- V218 4- V219 + V220 + V221 4- V222 
+ V223 + V224 + V225 + V226]. 

[0174] Various waveforms relating to tracking error 
signals and radial tilt signals in the optical head appa- 
ratus according to the ninth embodiment are the same 
as the various waveforms relating to the tracking error 
signals and the radial titt signals in the optical head ap- 
paratus according to the first embodiment shown in Fig. 
6. Namely, even if the objective lens 6 is shifted in the 
radial direction of the disc 7, an offset is not generated 
in the radial tilt signal, and the radial tilt of the disc 7 can 
be detected correctly. 

[0175] As an embodiment of the optical head of the 
present invention, one also considers an embodiment 
such that the arrangement of the focused spots on the 
disc 7 in the seventh embodiment shown in Fig. 20, the 
eighth embodiment shown in Fig. 22 and the ninth em- 
bodiment shown in Fig. 24 is changed into the arrange- 
ment of focused spots on the disc 7 shown in Fig. 10. 
[0176] As an embodiment of the optical head appara- 
tus of the present invention, one also considers an em- 
bodiment such that the diffraclive element 3 in the sev- 
enth embodiment shown in Fig. 20, the polarizing dif- 
tractive element 142 In the eighth embodiment shown 
in Fig. 22 and the polarizing diffractlve element 142 in 
the ninth embodiment shown in Fig. 24 are replaced by 
another diffractlve element or another polarizing diffrac- 
tive element. 

[01 77] A plan view of another diffractlve element or 
another polarizing diffractive element is the same as the 
plan view of the diffractlve element 84 shown in Fig. 12, 
the plan view of the diffractive element 89 shown in Fig. 
14, the plan view of the diffractive element 94 shown in 
Fig. 16 or the plan view of the diffractive element 101 
shown in Fig. 18. 

[0178] In the first embodiment of the optical head ap- 
paratus of the present invention shown in Fig. 1 , the 



main beam and the sub beams reflected by the disc 7 
are divided by the holographic element 8 shown in Fig. 
4 into tour parts of regions: regions 1 5 and 1 9 which are 
in a peripheral area of a region where the 0th order beam 
5 and the 4-1 st order beam diffracted by the disc 7 are 
overlapped with each other; regions 16 and 20 which 
are in a central area of a region where the Olh order 
beam and the +lst order beam diffracted by the disc 7 
overlap each other; regions 1 7 and 21 which are in a 
10 peripheral area of a region where the 0th order beam 
and the -Isl order beam diffracted by the disc 7 overlap 
each other; and regions 1 8 and 22 which are in a central 
area of a region where the 0th order beam and the -1st 
order beam diffracted by the disc 7 overlap each other. 
IS The peripheral area and the central area of the region 
where the Olh order beam and the 4-1 st order beam dif- 
fracted by the disc 7 overlap each other, and the periph- 
eral area and the central area of the region where the 
0th order beam and the -1sl order beam diffracted by 
20 the disc 7 overlap each other are separated by a dividing 
line parallel with the tangential direction of the disc 7. 
[0179] In addition, in the seventh embodiment of the 
optical head apparatus shown In Fig. 20, the main beam 
and the sub beams reflected by the disc 7 are divided 
25 by the pholo detector 111 shown in Fig. 21 into four parts 
of regions: the detection portions 112, 114, 118, 120, 
124, 126, 130 and 132 which are a peripheral area of a 
region where the 0th order beam and the 4-1 st order 
beam diffracted by the disc 7 overlap each other; the 
30 detection portions 113, 119, 125 and 131 which are a 
central area of a region where the 0th order beam and 
the +1 st order beam diffracted by the disc 7 overlap each 
other; the detection portions 115, 117, 121, 123, 127, 
1 29, 1 33 and 1 35 which are a peripheral area of a region 
35 where the 0th order beam and the -1 st order beam dif- 
fracted by the disc 7 overlap each other; and the detec- 
tion portions 116, 122, 128 and 134 which are a central 
area of a region where the 0th order beam and the -1st 
order beam diffracted by the disc 7 overlap each other. 
40 The peripheral area and the central area of the region 
where the 0th order beam and the +1 st order beam dif- 
fracted by the disc 7 overlap each other, and the periph- 
eral area and the central area of the region where the 
0th order beam and the -1st order beam diffracted by 
45 the disc 7 overlap each other are separated by a dividing 
line parallel with the tangential direction of the disc 7. 
[01 80] On the contrary, in other possible embodiment, 
the peripheral area and the central area of the region 
where the 0th order beam and the 4-1 st order beam dif- 
50 fracted by the disc 7 overlap each other, and the periph- 
eral area and the central area of the region where the 
0th order beam and the -1st order beam diffracted by 
the disc 7 overlap each other may be separated by el- 
lipses. In this case, the holographic element 262 as 
55 shown in Fig. 28 Is provided with two ellipses 266 and 
266. The same structure is applied also to the eighth 
embodiment of the optical head apparatus shown in Fig. 
22 and the ninth embodiment of the optical head appa- 
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ralijs shown in Fig. 24. 

(0181) In the first ennbodimeni shown in Fig. 1. the 
seventh embodiment shown in Fig. 20. the eighth em- 
bodiment shown in Fig. 22 and the ninth embodiment 
shown In Fig. 24, the beam emitted from the semicon- 
ductor laser is divided into three beams: the 0th order 
beam; and ±1st order beams by the diffraclive element 
or the polarizing diffraclive element, and the 0th order 
beam is used as the main beam and the ±1st order 
beams are used as the sub beams. On the contrary, one 
also considers an embodiment that the beam emitted 
from ihe semiconductor laser is divided into two beams: 
the 0th order beam and the +lsl order beam or the -1 st 
order beam by the diffractive element or the polarizing 
ditlracttve element, and 0th order beam is used as the 
m^in beam and the +1sl order beam or the -1st order 
beam is used as the sub beam. 

[0182] In addition. Instead of the case the beam emit- 
ted from one semiconductor laser is divided into two or 
tiiicu beams by the diffractive element or the polarizing 
dilfraciive element so as to be used as the main beam 
and the sub beam, there is also considered an embod- 
iment that beams emitted from two or three semicon- 
ductor lasers be used as the main beam and the sub 
beams. At this lime, the focused spot of the sub beam 
is shifted to the radial direction of the disc with respect 
to the focused spot of the main beam, or the phases of 
the sub beams entering the objective lens are shifted 
each other on the left side and the right side of the 
straight line passing through the optical axis and parallel 
with the tangential direction of the disc. In the latter case, 
an element such as a phase control element for shifting 
the phases of the sub beams entering the objective lens 
on the left side and the right side of the straight line pass- 
ing through the optical axis and parallel with the tangen- 
tial direction of the disc is inserted on the optical path of 
the sub beams. As the phase control element, a plane 
parallel plate or the like whose thickness is different on 
the left side and the right side of the straight line passing 
through the optical path and parallel with the tangential 
direction of the disc is used. 

[0183] In the first embodiment of the optical informa- 
tion recording/playback apparatus shown in Fig. 8 and 
the second embodiment of the optical information re- 
cording/playback apparatus shown in Fig. 9, the calcu* 
lation circuit and the driving circuit are added to the op- 
tical head apparatus according to the first embodiment 
shown in Fig. 1 , but one also considers an embodiment 
that the calculation circuit and the driving circuit are add- 
ed to the optical head apparatuses according to the sec- 
ond through ninth embodiments. In the embodiments of 
the optical information recording/playback apparatus, 
the polarity of the circuit composed of the calculation 
circuit and the driving circuit for correcting the radial tilt 
is switched on the groove and the land. At this time, it 
is necessary to detect as to whether the focused spot of 
the main beam is positioned on the land or the groove 
of the disc. When address information formed on the 



disc is reproduced, the land/groove position detection 
can be made intermittently. However, in the embodi- 
ments that calculation circuit and the driving circuit are 
added to the optical head apparatus according to the 
3 second, fourth, fifth and sixth embodiments, when a 
land/groove position detecting signal is used, such a 
land/groove position detection can be made continuous- 
ly without reproducing the address information formed 
on the disc. 

10 [0184] Here, the above embodiments explained the 
optical head apparatus to be used in a phase-change 
type optical information recording/playback apparatus, 
but the present invention is not limited to the optical head 
apparatus to be used in the phase-change type optical 

15 information recording/playback apparatus and can be 
applied also to an optical head apparatus to be used in 
a magneto-optical type optical infonmation recording/ 
playback apparatus. Moreover, there is explained the 
disc type optical recording medium which is rotated by 

20 a spindle motor, or the like as the optical recording me- 
dium, but the optical recording medium is not limited to 
the disc type optical recording medium, and the optical 
head apparatus of the present Invention is applied to a 
card type optical recording medium or a tape type optical 

25 recording medium. As a result, a till in a direction inter- 
secting perpendiculariy to the track is detected, and cor- 
rection is made according to a tilt amount so that nega- 
tive Influence upon the recording/playback characteris- 
tics can be eliminated. This optical recording medium is 

30 suitable particularly for an optical recording medium 
which cannot keep its surface perfectly flat. 



Claims 

35 

1. An optical head apparatus which comprises: 
a light source; 

an objective lens for focusing a light from said 

40 light source on an optical recording medium; 

a photo detector for receiving a reflected light 
from said optical recording medium; 
generating means for generating a main beam 
and a sub beam from said light from said tight 

45 source; 

dividing means for dividing said main beam and 
sub beam reflected from said optical recording 
medium into four regions, that is, a peripheral 
section R1 of a region where a 0th order beam 

so and a+Ast order beam diffracted by said optical 

recording medium overlap each other, a central 
section R2 of a region where the 0th order 
beam and the -i-1st order beam diffracted by 
said optical recording medium overiap each 

55 other, a peripheral section R3 of a region where 

the 0th order beam and a -1st order beam dif- 
fracted by said optical recording medium over-, 
lap each other, and a central section R4 of a 
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region where the 0th order beam and the -1sl 
order beam diffracted by said optical recording 
medium overlap each other; and 
a photo detector for receiving said main beam 
and said sub beam which are divided by said 
dividing means. 

wherein a radial tilt is a difference "A" - "B", 
where "A" is a sum of intensities of said regions 
R1 and R4 and "B" is a sum of intensities of said 
regions R2 and R3. 

2. The optical head apparatus according to claim 1 , 
wherein said generating means is a diffract ive ele- 
ment for generating a 0th order main beam, a +1st 
order sub beam and a -1st order sub beam from 
said light from said light source. 

3. The optical head apparatus according to claim 1 , 
wherein said dividing means is a holographic ele* 
ment. 

4. The optical head apparatus according to claim 1 , 
wherein said sub beams focused on said optical re- 
cording medium are shifted from said main beam in 
a radial direction of said optical recording medium. 

5. The optical head apparatus according to claim 1, 
wherein said sub beams entering said objective 
lens are shifted from each other on a left side and 
a right side of a straight line passing through an op- 
tical axis and parallel with a tangential direction of 
said optical recording medium. 

6. The optical head apparatus according to claim 1 , 
wherein said radial tilt is detected by said photo de- 
tector which has a plurality of light detecting por- 
tions for detecting separately a component of said 
difference contributed by said main and a compo- 
nent of said difference contributed by said sub 
beams. 

7. The optical head apparatus according to claim 1 , 
wherein said sections R1 and R2 are separated 
from, said sections R3 and R4 by straight lines par- 
allel to a tangential direction of said optical record- 
ing medium. 

8. The optical head apparatus according to claim 1 , 
wherein said sections R1 and R2 are separated 
from said sections R3 and R4 by ellipses on a radial 
direction of said optical recording medium. 

9. The optical head apparatus according to claim 4, 
wherein said main beam is positioned on a track 
(groove or land) of said optical recording medium, 
and said sub beams are positioned on a land or 
groove adjacent to said track. 



10. The optical head apparatus according to claim 4, 
wherein said main beam is positioned on a track 
(groove or land) of said optical recording medium, 
and said sub beams are positioned on a boundary • 

5 between a land or groove adjacent to said track and 

said track. 

11. The optical head apparatus according to claim 10, 
wherein: 

10 

a land/groove position detecting signal is gen- 
erated on the basis of a push-pull signal by 
means of said sub beams; and 
detection is made as to whether said main 
15 beam is positioned on a land or groove by a 

sign of said land/groove position delecting sig- 
nal. 

12. The optical head apparatus according to claim 2, 
20 wherein said ditfractive element for generating said 

main beam and said sub beams includes at least 
two grating areas each of whose phases are differ- 
ent from each other. 

25 13. The optical head apparatus according to claim 12, 
wherein said main beam and sub beams are posi- 
tioned on the same track. 

14. The optical head apparatus according to claim 12, 
30 wherein: 

said ditfractive element is constituted so that 
diffraction gratings are formed in a region in- 
cluding an effective diameter of said objective 

35 lens, and said region is divided into two regions 

as a first region on the left side and a second 
region on the right side by a straight line pass- 
ing through an optical axis of said objective lens 
and parallel with a tangential direction of said 

40 optical recording medium; and 

and a phase of the gratings in said first region 
are shifted by n from that of the gratings in said 
second region. 

45 15. The optical head apparatus according to claim 12, 
wherein: 

said ditfractive element is constituted so that 
diffraction gratings are fomned in a region in- 

50 eluding an effective diameter of said objective 

lens, and said region is divided into two regions 
as a first region on the left side and a second 
region on the right side by a straight line pass- 
ing through an optical axis of said objective lens 

55 and parallel with a tangential direction of said 

optical recording medium; and 
and a phase of the gratings in said first region 
are shifted by lUZ from that of the gratings in 
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said second region. 

16. The optical head apparatus according to claim 12. 
wherein: 

said diffractive element is constituted so that 
diffraction gratings are formed in a region in- 
cluding an effective diameter of said objective 
lens, and said region is divided into four regions 
as a first region on the upper left side and a sec- 
ond region on the upper right side, a third region 
on the lower left side and a fourth region on the 
lower right side by straight lines passing 
through an optical axis of said objective lens 
and parallel and perpendicular to a tangential 
direction of said optical recording medium; and 
phases of the gratings in said first and fourth 
region are shitted by tUZ from those of the grat- 
ings in said second and third region. 

17. The optical head apparatus according to claim 12. 
wherein: 

said diffractive element is constituted so that 
diffraction gratings are formed in a region in- 
cluding an effective diameter of said objective 
lens, and said region is divided into six regions 
as a first region on the central left side and a 
second region on the central right side, a third 
region on the upper left side, a fourth region on 
the upper right side, a fifth region on the lower 
left side and a sixth region on the lower right 
side, by a straight line passing through an op- 
tical axis of said objective lens and parallel to a 
tangential direction of said optical recording 
medium and two straight lines parallel to a ra- 
dial direction; and 

phases of the gratings in said first, fourth and 
sixth region are shifted by tUZ from those of the 
gratings in said second, third and fifth region. 

18. The optical head apparatus according to claim 12, 
wherein: 

a land/groove position detecting signal is gen- 
erated on the basis of a push-pull signal by 
means of said sub beams; and 
a detection is made as to whether said main 
beam is positioned on a land or groove by a 
sign of said land/groove position detecting sig- 
nal. 

19. The optical head apparatus according to claim 1, 
wherein a plurality of light sources are provided as 
said light source, and beam emitted from said plu- 
rality of light sources are used as said main beam 
and a sub beam. 



20. The optical head apparatus according to claim 19. 
wherein a phase control element, for shifting phas- 
es of said sub beam entering said objective lens on 
the left side and the right side of the straight line 
5 passing through the optical axis and parallel with 

the tangential direction of said optical recording me- 
dium, is provided on an optical path of the sub 
beam. 

JO 21. The optical head apparatus according to claim 20, 
wherein said phase control element is a plane par- 
allel plate whose thickness is different on the left 
side and the right side of the straight line passing 
through the optical axis and parallel with the lan- 

'5 gential direction of said optical recording medium. 

22. An optical information recording and playback ap- 
paratus which comprises: 



a light source; 

an objective lens for focusing a light from said 
light source on an optical recording medium; 
a photo detector for receiving a reflected light 
from said optical recording medium; 
generating means for generating a main beam 
and a sub beam from said light from said light 
source; 

dividing means for dividing said main beam and 
sub beam reflected from said optical recording 
medium into four regions, that is. a peripheral 
section R1 of a region where a 0th order beam 
and a + 1st order beam diffracted by said optical 
recording medium overlap each other, a central 
section R2 of a region where the 0th order 
beam and the -i-lst order beam diffracted by 
said optical recording medium overiap each 
other, a peripheral section R3 of a region where 
the 0th order beam and a -Isl order beam dif- 
fracted by said optical recording medium over- 
lap each other, and a central section R4 of a 
region where the 0th order beam and the -1st 
order beam diffracted by said optical recording 
medium overlap each other; and 
a photo detector for receiving said main beam 
and said sub beam which are divided by said 
dividing means, 

wherein a radial tilt is a difference "A" - "B", 
where "A" is a sum of intensities of said regions 
R1 and R4 and "B" is a sum of intensities of said 
regions R2 and R3; and 

said radial tilt is corrected on the basis of said 
difference. 
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23. The optical infomnation recording and playback ap- 
paratus according to claim 22, wherein said gener- 
ating means is a diffractive element for generating 
a 0th order main beam, a +1 st order sub beam and 
a -1st order sub beam from said light from said light 
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24. The optical Information recording and playback ap- 
paratus according to claim 22, wherein said dividing 
means is a holographic element. 

25. The optical information recording and playback ap- 
paratus according to claim 22, wherein said objec- 
tive lens is lilted in a radial direction of said optical 
recording medium for correcting said radial tilt. 

26. The optical information recording and playback ap- 
paratus according to claim 22, wherein said whole 
optical head apparatus is tilled in a radial direction 
of said optical recording medium tor correcting said 
radial tilt. 

27. The optical information recording and playback ap- 
paratus according to claim 22, wherein a liquid crys- 
tal optical element is provided in an optical system 
of said optical head apparatus, and a voltage is ap- 
plied to said liquid crystal optical element for cor- 
recting said radial tilt. 

28. The optical information recording and playback ap- 
paratus according to claim 22, wherein detection is 
made as to whether said main beam focused on 
said optical recording medium is positioned on a 
land or groove, and the polarity of a circuit tor cor- 
recting the radial tilt is switched for the groove and 
the land of said optical recording medium. 

29. The optical information recording and playback ap- 
paratus according to claim 28, characterized in 
that address information fonmed on said optical re- 
cording nnedium is read out so that the position of 
the land or the groove is detected. 

30. An optical head which comprises: 

a semiconductor laser for emitting a laser 
beam; 

a collimating lens lor converting the beam emit- 
ted from said semiconductor laser into a paral- 
lel beam; 

a diffractlve element for dividing a transmitted 
beam of said collimating lens into a 0th order 
beam as a main beam and ±1 st order beams 
as sub beams; 

a polarizing beam splitter for transmitting the 
three beams divided by said diffractive ele- 
ment; 

a quarter wave plate for converting the trans- 
mitted beams of said polarizing beam splitter 
from linear polarized beams into circular polar- 
ized beams; 

an objective lens for focusing the transmitted 
beams of said quarter wave plate on an optical 



recording medium; 

a holographic element for diffracting the three 
beams which are reflected from said optical re- 
cording medium, transmitted through said ob- 

5 jective lens in an opposite direclion. 

transmined through said quarter wave plate to 
be converted from circular polarized beams into 
linear polarized beams whose polarizing direc- 
tion intersects perpendicularly to that in a for- 

10 ward path, and reflected by said polarizing 

beam splitter as +1st order beams; 
a lens for focusing the beams diffracted by said 
holographic element; and 
a photo detector for receiving the beams trans- 

15 milted through said focusing lens, 

wherein said holographic element divides the 
main beam and the sub beams reflected from 
said optical recording medium into four regions 
as a peripheral section of a region where a Olh 

20 order beam and a -i-1st order beam diffracted 

by said optical recording medium overlap each 
other, a central section of a region where the 
0th order beam and the +1st order beam dif- 
fracted by said optical recording medium 

25 overlap each other, a peripheral section of a re- 

gion where the 0th order beam and a -1st order 
beam diffracted by said optical recording medi- 
um overlap each other and a central section of 
a region where the 0th order beam and the -1 st 

30 order beam diffracted by said optical recording 

medium overlap each other. 

31. An optical infomnation recording/playback appara- 
tus which comprises: 
35 an optical head apparatus comprising: 

a semiconductor laser for emitting a laser 

beam; 

a collimating lens for converting the beam emit- 
40 ted from said semiconductor laser into a paral- 

lel beam; 

a diffractive element for dividing a transmitted 
beam of said collimating lens into a 0th order 
beam as a main beam and ±1st order beams 
45 as sub beams; 

a polartzing beam splitter for transmitting the 
Ihree beams divided by said diffractive ele- 
ment; 

a quarter wave plate for converting the trans- 
50 mitted beams of said polarizing beam splitter 

from linear polarized beams Into circular polar- 
ized beams; 

an objective lens for focusing the transmitted 
beams of said quarter wave plate on an optical 
55 recording medium; 

a holographic element for diffracting the three 
beams which are reflected from said optical re- 
cording medium, transmitted through said ob- 
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jective lens in an opposite direction, transmitted 
through said quarter v/ave plate lo be converted 
Irom circular polarized beanns into linear polar- 
ized beams whose polarizing direction inter- 
sects perpendicularly to that in a forward paths 5 
and reflected by said polarizing beam splitter 
as -i-lst order beams; 

a lens for focusing the beams diffracted by said 
holographic element; and 

a photo detector for receiving the beams trans- io 
mitted through said focusing lens, 
wherein said holographic element divides the 
main beam and the sub beams reflected from 
said optical recording medium into four regions 
of a peripheral section of a region where a 0th ^5 
order beam and a -fist order beam diffracted 
by said optical recording medium overlap each 
other, a central section of a region where the 
Olh order beam and the +1sl order beam dif- 
fracted by said optical recording medium over- 
lap each other, a peripheral section of a region 
where the Olh order beam and a -1st order 
beam diffracted by said optical recording medi- 
um overlap each other and a central section of 
a region where the 0th order beam and the -1 st 
order beam diffracted by said optical recording 
medium overlap each other, 
a calculation circuit for calculating a radial tilt 
signal based on outputs from respective detec- 
tion portions of said photo detector; and 30 
a driving circuit for tilting said objective lens in 
the radial direction of said optical recording me- 
dium by means of an actuator so that the radial 
tilt signal becomes zero. 
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